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ABSTRACT
O b e s ity  has been shown t o  be a m a jo r r i s k  fa c to r  f o r  
c a rd io v a s c u la r  d ise a se . The m ain  aim  o f t h is  w o rk  was to  In v e s t ig a te  
c a rd io v a s c u la r  changes o c c u r r in g  In  d ie ta ry  obese r a ts  compared w ith  
le a n  c o n t ro ls .  B lood p re ssu re  and h e a r t  r a te  (u s in g  th e  t a l l  c u f f  
method) In c re ased  more r a p id ly  and a t ta in e d  h ig h e r  peak le v e ls  In  th e  
obese r a t s .  Two ' in  v i t r o '  p re p a ra t io n s  were used t o  id e n t i f y  
s p e c i f ic  a reas where o b e s ity - r e la te d  changes cou ld  o c c u r . The 
is o la te d  p e rfu s e d  m e se n te ric  v a s c u la tu re  frcm  obese r a t s  gave 
s ig n i f ic a n t l y  g re a te r  maximal responses t o  n o ra d re n a lin e  and 
5 -h y d ro x y try p ta m in e . W h ile , th e  is o la te d  p e rfu s e d  h e a r ts  frcm  obese 
r a ts  showed s ig n i f i c a n t l y  g re a te r  c o n t r a c t i l i t y  responses to
n o ra d re n a lin e .
S econdly, th e  e f fe c ts  o f  w e ig h t lo s s ,  induced by e i th e r  
w ith d ra w a l o f th e  p a la ta b le  d ie t  o r a d m in is t ra t io n  o f an a n o re c t ic  
d rug  (amphetam ine, fe n f lu ra m in e  o r m a z ind o l) g iv e n  in  th e  presence o f 
th e  p a la ta b le  d ie t  were in v e s t ig a te d  in  th e  obese r a t .  D ie ta ry  
r e s t r ic t io n  a lone  reduced 1 in  v iv o ' h e a r t  r a te  and b lood  p re s s u re  bu t 
d i f f e r e n t  e f fe c ts  w ere seen w ith  th e  th re e  d rugs. F en flu ram ine  caused 
th e  la rg e s t  re d u c t io n  i n  b lood  p re s s u re , w h ile  amphetamine produced a 
m oderate re d u c t io n  and m azindo l caused a sm a ll in c re a s e . M azindo l 
caused an in c re a s e  i n  h e a r t  r a te  w h ile  a l l  th e  o th e r p rocedures 
re s u lte d  in  re d u c t io n .
A d ie ta r y  survey in  v o lu n te e rs  shewed th a t  a p p ro x im a te ly  25% o f  
s u b je c ts  in c re a s e d  consum ption o f  c a f fe in e  w h i le  d ie t in g .  The 
p o te n t ia l c a rd io v a s c u la r  r i s k  fa c to r  o f c a f fe in e  was th e re fo re  
in v e s t ig a te d  i n  le a n  and obese r a t s .  The r e s u l t s  shewed, ra th e r
( i i )
s u r p r is in g ly ,  th a t  c a f fe in e  appeared to  d im in is h  th e  adverse 
c a rd io v a s c u la r  e f fe c ts  seen i n  th e  d ie ta ry  obese r a ts .  Thus, in  th e  
le a n  and obese c a f fe in e - t re a te d  r a ts  th e  t im e - re la te d  in c re a se s  in  
h e a r t  r a te  and b lood  p re s s u re  were reduced. The is o la te d  p e rfu s e d  
m e se n te ric  v a s c u la tu re  shewed s m a lle r  maximal responses to  
n o ra d re n a lin e  and th e  is o la te d  h e a r ts  showed reduced c o n t r a c t i l i t y  
responses t o  n o ra d re n a lin e  in  c a f fe in e  t re a te d  a n im a ls .
( H i )
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Chapter 1 : INTRODUCTION
CHAPTER 1 : INTRODUCTION
1 .1  GENERAL INTRODUCTION
O bes ity  is  o f te n  a s s o c ia te d  w ith  e le v a te d  b lood  p re s s u re
(D ustan , 1983; Velasquez & Hoffmann, 1985; Schmeider & M e s s e r li,  
198 7 ), and bo th  c o n d it io n s  p red ispose  to  excess c a rd io v a s c u la r  
m o rb id ity  (Van I t a l l i e ,  1985; L a v ie  & M e s s e r li,  1 9 8 6 ). The aim o f 
t h is  w o rk  was, in  p a r t ,  to  s tudy p o s s ib le  c a rd io v a s c u la r  changes 
o c c u r r in g  d u r in g  th e  deve lopnent o f o b e s ity ,  which m ig h t c o n tr ib u te  
to  t h is  e le v a t io n  in  b lood  p re s s u re .
W eight re d u c t io n  has been shown to  reduce b lood  p re ssu re  in  both
norm otensive  and h y p e rte n s iv e  in d iv id u a ls  (MacMahon, 1985; R e is in ,
1 98 6 ). The e f fe c ts  o f  w e ig h t re d u c t io n  (u s in g  e i th e r  d ie ta ry
r e s t r ic t io n  o r  pha rm aco log ica l tre a tm e n t w ith  a n o re c t ic  d rugs) on 
c a rd io v a s c u la r  fu n c t io n  o f  th e  r a t  form ed th e  second p a r t  o f t h is  
w o rk .
In  a d d it io n ,  ano the r suggested c a rd io v a s c u la r  r i s k  fa c to r ,  
namely c a f fe in e  (R obe rtson  e t  a l ,  1978; F reestone & Ramsay, 1982), 
was a ls o  in v e s t ig a te d .
1 .2  OBESITY
1 .2 .1  D e f in i t io n s  o f  o b e s ity
O bes ity  can be d e sc rib e d  as a c o n d it io n  in  w h ich  th e re  is  an 
in c re a se d  amount o f adipose t is s u e  in  th e  body compared to  norm al. 
However, t h is  type  o f d e f in i t io n  i s  p u re ly  d e s c r ip t iv e  and can n o t be 
used f o r  com paring th e  degree o f o b e s ity  between d i f f e r e n t  peop le . 
The d e f in i t io n  a ls o  re q u ire s  c a re fu l c o n s id e ra t io n  o f  w hat is
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■normal" , as t h i s  w i l l  a l t e r  w ith  age, sex, and ra c e . Committees on
bo th  s id e s  o f  th e  A t la n t ic  (B ray , 197 9? DHSS/MRC,1976) have d e fin e d
th e  c o n d it io n  o f  o b e s ity  as p resen t where th e  body w e ig h t exceeds
120% o f th e  upper l i m i t  o f the  w ide range o f w e ig h ts - fo r -h e ig h t  w h ich
were quo ted  by th e  M e tro p o lita n  L i f e  Insu rance  Company (1 9 6 0 ).
Q u e t le t 's  In d e x  o r Body Mass In d e x  (BMI) is  commonly used to  d e fin e
o b e s ity  (Q u e t le t ,  1869; Keys e t  a l  1 9 7 2 ). T h is  v a lu e  i s  c a lc u la te d  as
2 2W eight ( k g ) /  H e ig h t (m ) .  Garrow (1988) d e fin e d  v a ry in g  grades o f 
o b e s ity  a cco rd in g  t o  th e  range o f BMI : Grade I I I ,  BMI >40 ; Grade 
I I ,  BMI 30-40 ; Grade I ,  BMI 25-29 .9  ? Grade 0 , BMI 20 -24 .9  . The
advantages o f  m easuring o b e s ity  in  t h is  way are  th a t  the  
In d ic e s  a re  s t ra ig h t fo rw a rd  t o  c a lc u la te  and th e *  p rocedures f o r  
measurement do n o t re q u ire  te c h n ic a l knowledge o r th e  use o f 
s o p h is t ic a te d  equ ipm ent. I t  i s  a ls o  Im p o rta n t t h a t  th e  le v e l  o f 
o b e s ity  de term ined f o r  an in d iv id u a l shou ld  be Independent o f h e ig h t ,  
th a t  i s  t o  say th a t  two p a t ie n ts  w ith  th e  same degree o f o b e s ity  
shou ld  have th e  same BMI re g a rd le s s  o f  any d if fe re n c e s  in  h e ig h t .  
T h is  i s  g e n e ra lly  t ru e  f o r  v a lu e s  o f  BMI.
The EBSS/MRC Group R e po rt (1976) s ta te d  t h a t ,  in  s p i te  o f 
sources o f v a r i a b i l i t y ,  measurement o f s k in fo ld  th ic k n e s s  may be 
regarded as a s a t is fa c to r y  p r a c t ic a l  index  f o r  community s tu d ie s  on 
th e  p reva lence  o f o b e s ity  and i t s  r e la t io n s h ip  to  d isease , and 
concluded th a t  th e  method shou ld  be more w id e ly  used. The bes t 
e s ta b lis h e d  tech n iq u e  u t i l i s i n g  s k in fo ld  th ic k n e s s  measurement is  
th a t  u s in g  fo u r  s i te s  (D u rn in  & Rah am an, 1967) : b ic e p s , t r ic e p s ,  
subscapu lar and s u p r a - i l ia c .  Three read ings  shou ld  be made a t  each 
s i t e ,  o r s u f f i c ie n t  re a d in g s  such th a t  any th re e  agree to  w i th in  2mm. 
The mean o f  the  th re e  re a d in g s  is  th e n  c a lc u la te d  f o r  each o f the
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fo u r  s i te s  and th e  sum o f these v a lu e s  e n te re d  in t o  th e  ta b le  g iv e n  
by D u rn in  & W anersley (1 9 7 4 ), in  th e  column a p p ro p r ia te  to  th e  age 
and sex o f  th e  s u b je c t,  to  o b ta in  a v a lu e  f o r  percen tage body f a t .
O b e s ity  may a ls o  be de te rm ined  by measurement o f body 
co m p o s itio n . D e ns itcm e try  ( Behnke e t  a l ,  1942; D u rn in  & Rah am an, 
19 6 7 ), measurement o f t o t a l  body potassium  ( Boddy e t a l ,  1 9 7 6 ),
measurement o f t o t a l  body w a te r (H a l l id a y  & M i l l e r ,  1977) and
measurement o f body com pos ition  by n e u tro n  a c t iv a t io n  (Cohn e t  a l ,  
1982) a re  a l l  r e la t iv e ly  a ccu ra te  methods , used m a in ly  to  v a l id a te  
o th e r le s s  a cc u ra te  methods o f  measurement. However , the  te c h n ic a l 
knowledge and h ig h ly  s o p h is t ic a te d  (and expens ive ) equipm ent 
re q u ire d , coup led  w ith  th e  tim e  consuming fe a tu re  o f these methods, 
l i m i t s  t h e i r  a p p lic a t io n  in  ro u t in e  c l i n i c a l  exam ina tion  and 
e p id e m io lo g ic a l s tu d ie s .
1 .2 .2  A e tio lo g y  and pa thogenes is  o f  o b e s ity .
"Beware o f those foods th a t  tempt you t o  e a t when you a re  n o t hungry
and those  l iq u o r s  th a t  tempt you to  d r in k  when you a re  no t t h i r s t y . "
S o cra tes  , 3 99 BC.
R e c o g n itio n  th a t  o b e s ity  is  r e la te d  to  e xce ss ive  fo o d  in ta k e  is  
ages o ld  and so i s  adv ice  to  th e  o v e rw e ig h t, bu t o b e s ity  is  more 
complex th a n  s im p le  overconsum ption o f  fo o d . A number o f fa c to r s ,  
e i th e r  s in g ly  o r in  com b in a tion , may c o n tr ib u te  to  th e  development 
and m aintenance o f o b e s ity .
1 .2 .2  a) H e re d ity
In  some s t r a in s  o f  an im als o b e s ity  is  an in h e r i te d  t r a i t ,  f o r  
example th e  ob/ob mouse and th e  f a / f a  r a t  (see s e c t io n  1 .2 .5  fo r
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d e ta i ls  o f  an im al models o f  o b e s i t y ) . However, u n t i l  re c e n t ly  th e re  
was l i t t l e  h a rd  evidence th a t  the  same h e ld  t ru e  f o r  humans. I t  was 
known th a t  obese p a re n ts  te n d  to  have obese c h i ld re n  bu t o b e s ity  In  
fa m i l ie s  was th o u g h t to  be due more to  t h e i r  shared environm ent and 
l i f e s t y l e ,  In c lu d in g  e a t in g  h a b its ,  than  t o  h e re d ity  ( Garn & C la rk , 
1 9 7 6 ). However, re c e n t s tu d ie s  u s in g  tw in s  have p ro v id e d  su p p o rt f o r  
a s tro n g e r g e n e tic  in f lu e n c e . S tunka rd  e t  a l  (1986a) c o n v in c in g ly  
dem onstra ted d i f f e r e n t  concordance ra te s  and c o r r e la t io n  c o e f f ic ie n ts  
f o r  m onozygo tic  and d iz y g o t ic  tw in s  f o r  v a r io u s  measures o f  
o ve rw e ig h t. M onozygotic tw in s  ra is e d  in  d i f f e r e n t  hemes were shewn t o  
be c lo s e r  in  w e ig h t th a n  d iz y g o t ic  tw in s  ra is e d  to g e th e r .  A d d it io n a l 
evidence f o r  th e  g e n e tic  in f lu e n c e  was d e s c rib e d  in  an a d o p tio n  s tu d y  
(S tu n ka rd  e t  a l ,  1986b) which found  th a t  o b e s ity  in  adopted c h i ld r e n  
c o r re la te d  s t ro n g ly  w ith  o b e s ity  in  t h e i r  n a tu ra l p a re n ts  
( e s p e c ia l ly  m a te rna l o b e s ity ) ,  whereas th e re  was no s ig n i f ic a n t  
c o r r e la t io n  w ith  o b e s ity  in  t h e i r  a d o p tiv e  p a re n ts .
A nother re c e n t s tudy a ls o  su p p o rts  a g e n e tic  r o le  in  human 
o b e s ity  (R o b e rts  a t  a l ,  1 9 8 8 ). T h is  s tu d y  showed th a t  50% o f  th e  
progeny o f o ve rw e ig h t m others became o ve rw e ig h t a t  some tim e  d u r in g  
th e  tw e lv e  months o f  th e  s tu d y , as compared t o  none o f th e  in fa n ts  o f  
le a n  m o th e rs . The ove rw e ig h t in fa n ts  were found  to  have a lo w e r t o t a l  
energy e x p e n d itu re  th a n  th e  le a n  in fa n ts .  T h is  reduced energy 
e x p e n d itu re  was th o u g h t to  be an im p o rta n t fa c to r  in  th e  ra p id  w e ig h t 
ga in  d u r in g  th e  f i r s t  ye a r o f l i f e  seen in  in fa n ts  born  to  o ve rw e ig h t 
m others.
G ene tic  fa c to r s  may a lso  g iv e  r is e  to  a group o f  ra re  d iseases 
known as 'd y s m o rp h ic ' form s o f  o b e s ity ,  in c lu d in g  P r a d e r - W il l i  
syndrome, B a rd e t-B ie d l syndrcme, Cohen's syndrcme and C a rp e n te r 's
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syndrcme. The o b e s ity  o f th e  f i r s t  two i s  g e n e ra lis e d , w h ile  th a t  o f 
th e  second tw o i s  t r u n c a l- g lu te a l  (B ra y , 1987a ). In  most o f  these 
syndrcmes th e  o b e s ity  is  o n ly  m oderate, b u t i n  a few i t  may be 
pronounced. These fo rm s o f  o b e s ity  a re  t ra n s m it te d  by re c e s s iv e  and 
dom inant modes o f  in h e r ita n c e . P r a d e r - W il l i  syndrcme is  th e  most 
common d isease o f t h is  group (B ra y , 1987a).
Another g e n e tic  fa c to r  i s  t h a t  o f body b u i ld  o r  som atotype. 
Ectom orphs, t h in  in d iv id u a ls  w ith  lo n g  f in g e r s ,  arms and le g s ,  r a re ly  
become obese. In  c o n tra s t,  endomorphs, who a re  rounder in d iv id u a ls  
w ith  la rg e r  abdomens th a n  c h e s ts , have a g re a te r  l ik e l ih o o d  o f  
becoming obese. Mesomorphs, who te n d  t o  have a broad, m uscular fram e 
have a tendency to  w e ig h t g a in  midway between th e  o th e r two typ e s  
( K r e u t le r ,  1980 ).
1 .2 .2  b) G e s ta tio n a l,  neo na ta l and in fa n t  n u t r i t io n .
G e s ta tio n a l m a te rna l u n d e rn u t r i t io n  in  r a ts  has been shown to  
p red ispose  th e  o f fs p r in g  to  o b e s ity  (Jones e t  a l ,  1 9 8 4 ). Hcwever, 
o v e r n u t r i t io n  in  r a t  pups d u r in g  th e  f i r s t  weeks o f  l i f e ,  e i th e r  by 
supp lem en ting  th e  d ie t  o f th e  dam d u r in g  la c ta t io n  (R obe rts  & Coward, 
1985) o r  by re d u c tio n  o f  the  l i t t e r  s iz e  (Hausberger & V o lz , 1984) 
has been shewn to  cause th e  r a t  pups to  become s ig n i f ic a n t l y  h e a v ie r 
than  c o n t ro ls .  E a r l ie r  w ork  by W in ic k  e t  a l  (1972) dem onstra ted  th a t  
v a ry in g  fo o d  in ta k e  d u r in g  t h e i r  e a r ly  development in f lu e n c e d  th e  
number and s iz e  o f c e l ls  o f  v a r io u s  organs o f r a ts .
H irs c h  and K n i t t le  (1970) showed th a t  bo th  number and s iz e  o f 
adipose c e l ls  in  obese c h i ld re n  exceeded those  o f non-obese c h i ld re n .  
In  1980 , W in ick  s ta te d  on th e  s u b je c t o f in fa n t  n u t r i t io n  th a t  
' . . . o v e r n u t r i t i o n ,  e s p e c ia lly  excess c a lo r ie  in ta k e  may r e s u l t  in
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a c c e le ra te d  c e l l  d iv is io n  In  ad ipose t is s u e  and In  a perm anen tly  
h y p e rc e llu la r  ad ipose d ep o t. T h is  I s  a s s o c ia te d , In  a d u lt  l i f e  , w ith  
an e x tre m e ly  r e f r a c to r y  k in d  o f  o b e s ity . *  T h is  I s  sometimes r e fe r r e d  
t o  as th e  ad ipose c e l l  th e o ry . However t h is  th e o ry  Is  n o t u n iv e r s a l ly  
accep ted .
Hausberger & V o lz  (1984) used r a ts  t o  In v e s t ig a te  th e  e f fe c ts  o f  
e a r ly  o v e r n u t r l t lo n  and u n d e r n u t r i t io n  upon subsequent developm ent o f 
o b e s ity  In  a d u lt  l i f e .  L i t t e r s  o f  4 ,9  and 24 pups were used. Pups 
from  th e  sm a ll l i t t e r s  (4 pups) grew h e a v ie r  and f a t t e r  th a n  pups 
from  c o n tro l l i t t e r s  (9  pups) and pups from  la rg e  l i t t e r s  (24 pups) 
rem ained s m a ll and s tu n te d . Hcwever, a f te r  tre a tm e n t w ith  a h ig h  f a t  
d ie t  from  18-43 weeks o f  age, a lm ost a l l  th e  r a ts  in  a l l  th e  groups 
became obese and th e  amount o f ad ipose t is s u e  (as pe rcen tage  body 
w e ig h t)  was e s s e n t ia l ly  the  same in  a l l  th re e  f a t - f e d  groups. Thus 
frcm  t h is  s tudy  i t  was deduced th a t  e a r ly  o v e rfe e d in g  does n o t 
p red ispose  to  o b e s ity  in  la t e r  l i f e  and t h a t  u n d e rfe e d in g  does n o t 
p re ve n t o r d im in is h  th e  development o f  n u t r i t io n a l  o b e s ity  o r ad ipose 
t is s u e  h y p e r c e l lu la r i t y  in  r a ts .  T h e re fo re  th e  ad ipose c e l l  th e o ry  
has been n e ith e r  accep ted  no r re je c te d  as Im p o rta n t in  th e  a e t io lo g y  
o f human o b e s ity  a t  th e  p re se n t t im e .
1 .2 .2  c ) E ndocrine  d is o rd e rs .
In  ra re  cases human o b e s ity  may be c o r re la te d  w ith  d is tu rb a n c e s  
o f  th e  endocrine  system . For example, an under a c t iv e  th y ro id  g land  
may cause w e ig h t g a in . Secondly, oes trogen  and p roge s te rone  have been 
shown to  a f f e c t  fo o d  in ta k e  in  fem a le  r a ts  (Wade, 197 5) and in  wcmen 
fo o d  in ta k e  is  a f fe c te d  by th e  m e n s tru a l c y c le  ( D a lv i t - M c P h il l ip s ,  
1983 ; K irb y  & Agadah, 1 9 8 6 ). The l a t t e r  s tudy  a ls o  showed th a t  wcmen
ta k in g  a combined oes tro g e n /p ro g e s to g e n  c o n tra c e p t iv e  p i l l  were 
s ig n i f i c a n t l y  h e a v ie r than  age-matched c o n t r o ls .
The r o le  o f in s u l in  in  fo o d  in ta k e  and body w e ig h t c o n t ro l is
u n c le a r . Sane re p o r ts  have p o s tu la te d  a r o le  as a s a t ie ty  hormone
(A n ika  e t  a l  1 9 8 0 ). However, in  o th e r  s tu d ie s  hype rp hag ic  responses
to  in s u l in  have been c la im ed ( L o t te r  & Woods, 1 9 7 7 ).
\
G lu c o c o r t ic o id  In je c t io n s  have been used to  produce an im a l 
models o f  o b e s ity  ( H o l l i f i e l d ,  1 9 6 8 ). C l in ic a l  o b e s ity  due to  
g lu c o c o r t ic o id  excess (C u s h in g 's  syndrcme) is  c h a ra c te r is e d  by f a t  
d e p o s it io n  in  s p e c i f ic  body areas ( fa c e , upper back, abdom inal w a l l ) .  
Sodium and w a te r r e te n t io n  a ls o  occur in  t h is  c o n d it io n  and t h is  may 
account f o r  some o f th e  w e ig h t g a in  seen in  t h is  syndrcme.
1 .2 .2  d) M e ta b o lic  d is o rd e rs .
In  e x p e rim e n ta l an im als o b e s ity  is  c le a r ly  a s s o c ia te d  w ith  
in c re a se d  e f f ic ie n c y  o f energy s to rage  (B ray & Y ork, 1971? B ray & 
Y ork , 197 9 ) .  In m o s t ,  i f  n o t a l l ,  form s o f  e xp e rim e n ta l o b e s ity ,  th e  
g a in  in  body s to re s  f o r  a g ive n  q u a n t i ty  o f fo o d  in ta k e  i s  h ig h e r  
th a n  in  c o rre s p o n d in g ly  le a n  a n im a ls . P o s s ib le  mechanisms by which 
such a d if fe re n c e  in  e f f ic ie n c y  may occur a re  d iscussed  below .
i )  F u t i le  c y c le s
F u t i le  m e ta b o lic  c y c le s  , in  w h ich  p h o spho ry la ted  compounds a re  made 
frcm  adenosine tr ip h o s p h a te  (ATP) and th e n  broken down , a re  o f 
im portance in  in s e c t  b io c h e m is try  and a ls o  occur in  mammalian 
b io c h e m is try  (B ra y , 1987b). The q u a n t i ta t iv e  im portance o f such 
f u t i l e  c y c le s  in  th e  e n e rg e tic  e f f ic ie n c y  o f o b e s ity ,  however, 
remains t o  be e s ta b lis h e d .
i i )  Low p ro te in  tu rn o v e r
Forbes and D re sn ick  (197 9) suggested th a t  th e  obese in d iv id u a l lo s e s  
n it r o g e n  a t  a s low er r e la t iv e  r a te  th a n  th e  non-obese in d iv id u a l .  
T h is  w o u ld  reduce energy e x p e n d itu re  and thus  a l lc w  a d d it io n a l energy 
fo r  f a t  s to ra g e . Such e f fe c ts  have been shewn in  e xp e rim e n ta l an im a ls  
( S h a r g i l l  e t  a l ,  1 9 8 4 ), though they  have n o t y e t  been co n firm e d  in  
man.
i i i )  D e fe c t iv e  sodium pump.
Sodiixn pump a c t i v i t y  in  l i v e r  and s k e le ta l m uscle appears to  be 
reduced in  some obese exp e rim e n ta l an im a ls  compared w ith  le a n  
c o n t ro ls  (Y o rk  e t  a l ,  1 9 7 8 ). T h is  m e ta b o lic  derangement was proposed 
as one mechanism f o r  th e  m e ta b o lic  e f f ic ie n c y  and enhanced f a t  
s to ra ge  o f these g e n e t ic a l ly  obese an im a ls  . The sodium pump frcm  
hunan e ry th ro c y te s  has been re p o r te d  to  be reduced in  o b e s ity  in  one 
s tudy (D eLu ise e t  a l ,  1980) b u t most o th e rs  have found  no d if fe re n c e s  
between le a n  and obese s u b je c ts  (S im a t e t  a l ,  1 9 8 3 ). M oreover, hunan 
l i v e r  (B ray  e t  a l ,  1981) and s k e le ta l m uscle (Charalambous e t  a l ,  
1984) have shewn a p o s i t iv e  c o r r e la t io n  between th e  sodium-pumping 
enzyme ( Na+ , K+ -ATPase) and body f a t .  A lew a c t i v i t y  o f th e  sod iun 
pump, th e re fo re ,  does n o t appear to  c o n t r ib u te  as a cause o f 
n e ta b o lic  human o b e s ity .
iv )  D e fe c t iv e  brewn ad ipose t is s u e .
Brcwn ad ipose t is s u e  (BAT) may p la y  a r o le  in  th e  development o f bo th  
c e n e tic  and d ie ta ry  form s o f  o b e s ity  (R o th w e ll & S tock , 197 9 ) .  In  
anim als w ith  g e n e tic  o b e s ity ,  hea t p ro d u c tio n  by BAT is  d e fe c t iv e ,  
and i s  n o t s t im u la te d  by in je c t io n s  o f  n o ra d re n a lin e  nor by 
e le c t r ic a l  s t im u la t io n  o f  th e  sym pa the tic  ne rves w h ich  supp ly  th e  
t is s u e  (Himms-Hagen, 197 9 ; T h u rlb y  & T rayhu rn , 1 9 8 0 ). There i s  a ls o
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an im p o rta n t r e la t io n s h ip  between d ie t  and BAT (see s e c t io n  1 .2 .2  d) 
v i i )  ) . Seme r a ts  , when fe d  a c a fe te r ia - s ty le  d ie t ,  ga ined le s s  
w e ig h t than  a n t ic ip a te d  frcm  th e  amount o f fo o d  ea ten . The an im a ls  
shewed BAT h y p e rtro p h y  and an in c re a s e d  energy e x p e n d itu re  fo l lo w in g  
in tra v e n o u s  in je c t io n s  o f  n o ra d re n a lin e  (R o th w e ll & S tock  197 9 ) .  
These data  le d  R o th w e ll and S tock  (197 9) t o  propose th a t  d u r in g  
p e r io d s  o f d ie ta ry  excess BAT m ig h t h y p e rtro p h y  in  an a tte m p t t o  
d is s ip a te  th e  fo o d  energy as h e a t ra th e r  than  s to re  i t  as f a t .
Thermogenic b e ta -a d re n o ce p to r a g o n is t drugs such as BRL26 83 0A 
were deve loped t o  s t im u la te  therm ogenesis in  BAT as a p o s s ib le
mechanisD f o r  in c re a s in g  energy e x p e n d itu re  and p ro m o tin g  w e ig h t lo s s  
(A rch  e t  a l ,  1 9 8 4 a )). Hcwever, a ltho ugh  th e  d rug  produced p re m is in g  
r e s u l t s  in  obese ro d e n ts  (A rch  e t  a l ,  1984a ), by in c re a s in g  energy 
e x p e n d itu re  and re d u c in g  body w e ig h t and body f a t  c o n te n t, r e s u lts  o f  
c l i n i c a l  t r i a l s  i n  obese p a t ie n ts  have n o t a l l  shown s ig n i f ic a n t  
w e ig h t lo s s  (see s e c t io n  1 .2  .4 e ) ) .  Thus , a lth o u g h  d e fe c t iv e  BAT and 
th e  r e s u lta n t  im pa irm en t o f  therm ogenesis may p la y  a r o le  in  th e  
a e t io lo g y  o f hunan o b e s ity ,  s t im u la t io n  o f  th e  a ty p ic a l 
b e ta -a d re n o ce p to rs  p re s e n t on BAT does n o t appear to  a lw ays
s ig n i f i c a n t l y  im prove therm ogenesis  and w e ig h t lo s s  in  obese humans.
v ) Autonom ic nervous system 
Since th e  autonom ic nervous system is  in v o lv e d  in  energy m etabolism
(B ra y , 1984) i t  i s  co n c e iv a b le  th a t  one o r more subgroups o f  persons
w ith  id io p a th ic  o b e s ity  have a l te r a t io n s  in  t h e i r  autoncm ic nervous 
system th a t  may p rano te  o b e s ity .  Most o f th e  p re se n t knowledge o f 
autonom ic fu n c t io n  in  o b e s ity  comes from  anim al s tu d ie s . In  s e v e ra l 
anim al models o f  spontaneous o b e s ity  decreased sym p a th e tic  a c t i v i t y  
has been no ted  (B ray , 1 9 8 7 c ).
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A re c e n t s tudy  o f h e a lth y  men , aged 25-36 yea rs , (P e te rs o n  e t  
a l ,  1988) shewed a weak b u t s ig n i f ic a n t  a s s o c ia t io n  between 
dep re ss ions  in  sym pa the tic  and p a ra sym p a th e tic  a c t i v i t y  and 
in c re a s in g  percen tages o f  body f a t .  Fran these r e s u l t s  i t  was 
suggested th a t  autonom ic a l te r a t io n s  a re  im p o rta n t in  hunan o b e s ity  
as th e y  cure in  an im a l m odels. I t  was proposed th a t  a d is o rd e re d  
h c m e o s ta tic  mechanism m ig h t promote exce ss ive  s to ra ge  o f energy by 
d e c re a s in g  sym p a th e tic  a c t i v i t y ,  w h i ls t  d e fe n d in g  a g a in s t w e ig h t g a in  
by de c re a s in g  p a rasym pa the tic  a c t i v i t y .
v i )  In c re a se d  l ip o p r o te in  l ip a s e  a c t i v i t y
L ip o p ro te in  l ip a s e ,  lo c a te d  a lo n g  th e  e n d o th e lia l s u rfa ce  is  
re s p o n s ib le  f o r  h y d ro ly s is  o f  th e  t r ig ly c e r id e s  in  l ip o p r o te in s ,  thus 
m aking th e  f a t t y  ac ids  a v a i la b le  f o r  s to ra ge  in  f a t  c e l ls .  T h is  
'ga teke epe r* fu n c t io n  p u ts  i t  as an id e a l lo c u s  t o  re g u la te  th e  s iz e  
o f f a t  c e l ls .  In  c o n tra s t w i th  most o th e r changes w h ich  re v e r t  to  
norm al le v e ls  w ith  w e ig h t lo s s  , l ip o p r o te in  l ip a s e  a c t i v i t y  
in c re a se s  w ith  w e ig h t lo s s  (Schw artz & B ru n z e ll ,  198 1 ). The reason 
f o r  t h is  p a ra d o x ic a l change i s  unknown.
v i i )  Im p a ire d  d ie ta ry  therm ogenesis
The f a c t  th a t  m e ta b o lic  ra te  r is e s  w ith  o v e re a tin g  was f i r s t  no ted  in  
1902 by a p s y c h o lo g is t c a l le d  Neumann (H u tto n , 1 9 8 5 ). He c a r r ie d  o u t 
an expe rim en t on h im s e lf  w h ich  in v o lv e d  e a t in g  about 2000 c a lo r ie s  
more th a n  usua l every day fo r  s e v e ra l months. He found  th a t  a lth o u g h  
he ga ined w e ig h t to  b e g in  w ith ,  h is  w e ig h t soon s ta b i l iz e d  a t  i t s  new 
h ig h e r le v e l  and ceased to  r is e  th e r e a f te r .  T h is  phenomenon was 
p a r t ly  due to  d ie ta ry  therm ogenesis. The w ork o f  M i l le r ,  Mumford and 
S tock (1967) showed t h a t  le a n  and obese s u b je c ts  d i f f e r  in  th e  e x te n t 
o f t h e i r  therm ogenesis a f t e r  fo o d . They found t h a t  in  le a n  s u b je c ts
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o v e re a tin g  le d  t o  an in c re a se  o f 20-50% in  h e a t p ro d u c tio n , w h ich 
tended t o  d is s ip a te  th e  excess in ta k e .  In  obese s u b je c ts , however, 
th e  the rm a l d is s ip a t io n  o f energy was le s s  marked and th u s  th e  excess 
was more l i k e l y  to  be s to re d  as f a t .  One e x p la n a tio n  f o r  th e  
the rm ogen ic  response t o  a meal is  t h a t  i t  r e s u l t s  f r a n  enhanced 
a c t i v i t y  in  BAT (see s e c t io n  1 .2 .2  d) iv )  ) .
1 .2 .2  e) O ther fa c to r s
i )  P h y s ic a l in a c t i v i t y
P h y s ic a l in a c t i v i t y  may c o n tr ib u te  s ig n i f ic a n t l y  to  th e  development 
o f  seme o b e s it ie s  (S te rn , 1 9 8 3 ). A lthough  obese in d iv id u a ls  a re  n o t 
a lw ays le s s  a c t iv e  th a n  those  o f normal w e ig h t, in a c t i v i t y  is  o f te n  
a s s o c ia te d  w ith  o b e s ity  in  persons o f  a l l  ages. Rose and Mayer 
(196 8 ) ,  fo r  example, re p o rte d  t h a t  obese in fa n ts  were c o n s id e ra b ly  
le s s  a c t iv e  th a n  those  o f normal w e ig h t. When obese a d o lesce n t g i r l s  
in  simmer camp were observed u s in g  tim e  la p se  pho tog raphy, they were 
found  t o  be le s s  a c t iv e  th a n  normal w e ig h t g i r l s  (B u lle n  e t  a l ,  
1 9 6 4 ). In  te rm s o f ro u t in e  d a i ly  a c t i v i t y ,  obese men and wemen w a lk  
le s s  th a n  normal w e ig h t a d u lts  (C h ir ic o  & S tunka rd , 1 9 6 0 ). I t  i s  n o t  
c e r ta in  w hether th e  in a c t i v i t y  is  th e  cause o r th e  r e s u l t  o f th e  
o b e s ity  in  humans, though p h y s ic a l i n a c t i v i t y  is  known t o  premote 
o b e s ity  in  normal le a n  r a ts  ( In g le ,  1 94 9 ).
i i )  P s y c h o lo g ic a l and s o c ia l fa c to rs
B e fo re  c o n s id e r in g  s p e c i f ic  p s y c h o lo g ic a l o r s o c ia l fa c to rs  i t  i s  
f i r s t  necessary to  d e fin e  th e  term s hunger and a p p e t ite .  Garrcw 
( 1988) d e fin e d  hunger as ”a d r iv e  to  e a t w h ich can be r e l ia b ly  caused 
in  any normal anim al o r human s u b je c t by an energy d e f i c i t ,  which i s  
removed when t h is  energy d e f i c i t  i s  a b o lis h e d  by fe e d in g "  and
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a p p e t i te  as *a d r iv e  to  e a t a fo o d  w h ich  i s  p a la ta b le  in  a p a r t ic u la r  
s i t u a t io n * .
There a re  s ig n i f ic a n t  d if fe re n c e s  between in d iv id u a ls  in  
respon s ivene ss  to  e x te rn a l fo o d - re la te d  cues such as m e a ltim e , s ig h t  
o f  fo o d , sm e ll and ta s te  o f food  (R od in , 1 9 8 0 ). Sane in d iv id u a ls  show 
a g re a te r  than  normal response to  these  e x te rn a l fo o d - re la te d  s t im u l i  
and conse quen tly  tend  t o  e a t more than  o th e rs .  A person may e a t 
because th e  c lo c k  says t h a t  i t  i s  lu n ch  t im e , because o th e r peop le  a re  
e a t in g ,  because th e  fo o d  i s  ”good f o r  them " o r  s im p ly  because they  
l i k e  th e  fo o d  a v a i la b le  ra th e r  th a n  t o  s a t is f y  hunger. Modern fo o d  
a d v e r t is in g  te ch n iq u e s  depend upon p ro v id in g  a p s y c h o lo g ic a l s t im u lu s  
to  e a t th e  fo o d  p ro d u c t concerned. Food i s  o f fe re d  as a show o f 
h o s p i t a l i t y  and i t  a ls o  t r a d i t io n a l l y  accompanies s o c ia l even ts , 
s p o r ts  e ve n ts , and even th e  w o rk in g  day.
R eports  frcm  Mew York (G o ld b la t t  e t  a l ,  1 96 5 ), London 
(S ilv e rs to n e  1970) and Canada ( M i l la r  & W ig le , 1986) and o th e r  p la ce s  
agree th a t  th e re  i s  an In ve rse  c o r r e la t io n  between s o c ia l c la s s  and 
p re va le n ce  o f o b e s ity  in  W estern s o c ie t ie s ,  t h is  c o r r e la t io n  be in g  
most c o n s is te n t ly  dem onstra ted f o r  wcmen.
Food tends  t o  be used as a m a n ip u la t iv e  t o o l ,  p a r t ic u la r ly  when 
d e a lin g  w i th  c h i ld re n .  F a v o u rite  foods  a re  o f te n  used as rewards f o r  
good beh av io u r and w ith h e ld  as punishm ent f o r  m is c h ie f.  A lso , 
t r a in in g  a c h i ld  t o  e a t e v e ry th in g  on th e  p la te ,  re g a rd le s s  o f 
fe e l in g s  o f  fu l ln e s s ,  may be re s p o n s ib le  f o r  s e t t in g  up a l i f e lo n g  
p a t te rn  o f  o v e re a tin g . The complex in te r a c t io n s  between e m o tio n a l 
fa c to rs  and o b e s ity  a re  d iscussed  in  d e t a i l  by Bruch (1 9 7 3 ).
12
* A stcmach f u l l  o f fo o d  a ls o  soothes by d ra in in g  th e  b lood  away 
from  a d is g ru n t le d  and m a la d a p tiv e  b ra in .  "
S e lye , 1956 .
The q u e s tio n  o f  w hether o r n o t s tre s s  induces  e a t in g  and w hether 
fo o d  " s o o th e s . . .a  d is g ru n t le d  . . . b r a i n ” was debated by Robbins and 
F ray (1 9 8 0 ) .They s ta te d  th a t  s t r e s s fu l s t im u l i  dd n o t induce e a t in g  
'p e r  se ' b u t th a t  th a t  they m igh t s im p ly  a c t iv a te  th e  organism  making 
i t  more re s p o n s ive  to  e x te rn a l fo o d - re la te d  cues, thus d i r e c t in g  
be h a v io u r towards e a t in g .  They a ls o  s ta te d  th a t  they  d id  n o t agree 
t h a t  e a t in g  c o u ld  r e l ie v e  fe e l in g s  o f s t re s s .  These o p in io n s  a re  n o t 
u n iv e r s a l ly  accepted, however. There i s  ev idence th a t  e a t in g  can 
a l t e r  mood. Lieberm an e t  a l  (1986) p re se n te d  a s tudy  which suggested 
th a t  consu np tion  o f  a h ig h  ca rbohyd ra te  meal reduced fe e l in g s  o f 
d e p re ss io n  in  some s u b je c ts  and induced fe e l in g s  o f  dep re ss ion  in  
o th e rs .  The " t a i l  p in c h ” te chn ique  produces a hype rphag ic  an im al 
model and i s  cons ide red  to  be a model o f s tre s s - in d u c e d  e a t in g  
(Rowland & Antelm an, 1 9 7 6 ).
1 .2  .3 The hazards o f  o b e s ity
a) O v e ra ll m o r ta l i t y
In  1959 th e  B u ild  and B lood  P ressure  S tudy re p o rte d  th e  
m o r ta l i t y  da ta  o f over fo u r  m i l l i o n  l i f e  in su ra nce  p o l ic y  h o ld e rs  
(1935-1954) in  th e  USA (S o c ie ty  o f A c tu a r ie s , 1959) . A U-shaped 
r e la t io n s h ip  was observed between r e la t iv e  body w e ig h t and th e  
m o r ta l i t y  r a t i o .  Many s c ie n t is t s  have c r i t i c i s e d  these  da ta , which 
are  b ia se d  by a number o f fa c to r s .  F i r s t l y ,  th e  p o p u la tio n  sample 
frcm  w h ich  th e  data  were d e r iv e d  was n o t re p re s e n ta t iv e  o f th e  e n t i r e
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USA p o p u la t io n .  Men were o ve rre p re se n te d  and th e  peop le  who In s u re d  
them se lves tended to  be p re d o m in a n tly  in  th e  h ig h e r  soc io -econom ic  
c la s s e s . Secondly, the  w e ig h ts  and h e ig h ts  w ere p a r t ly  s e l f - r e p o r te d .  
T h ir d ly ,  o n ly  h e a lth y  peop le  a re  g ive n  l i f e  in s u ra n c e , thus
c h r o n ic a l ly  s ic k  peop le  were exc luded from  th e  s tu d y . In  197 9 th e  
S o c ie ty  o f A c tu a r ie s  p u b lis h e d  th e  r e s u l t s  o f  a new B u i ld  S tudy on 
th e  r e la t io n s h ip  between body w e ig h t and m o r ta l i t y  among l i f e
in su ra nce  p o l ic y  h o ld e rs  1952-1974 (S o c ie ty  o f A c tu a r ie s ,1979) . T h is  
s tudy  showed th e  same r e la t io n s h ip  between r e la t iv e  w e ig h t and 
m o r ta l i t y  as th e  1959 s tudy and i t  a ls o  provoked th e  same c r i t ic is m s .  
In  197 9 a ls o , the  Am erican Cancer S o c ie ty  p u b lis h e d  th e  r e s u l t s  o f  a 
s tudy  c a r r ie d  o u t frcm  1959-1972 in  26 s ta te s  o f  th e  USA (Lew & 
G arf in k e l,1 9 7 9 ) . The end p o in t  f o r  th e  a n a ly s is  was l i f e  o r dea th  per 
person (n o t per p o l ic y  as in  th e  p re v io u s  tw o  s tu d ie s )  and t h i s  i s  a
more r e l ia b le  c r i t e r io n .  The r e s u l t s  were in  good agreement w ith
those o f th e  195 9 B u ild  and B lood  P ressure  S tudy .
The r e la t io n s h ip  between o b e s ity  and m o r ta l i t y  depends upon age. 
S e ltz e r  (1966) re -a n a ly s e d  th e  da ta  o f th e  B u i ld  and B lood  P ressure  
S tudy . He found  a c u r v i l in e a r  r e la t io n s h ip  between r e la t iv e  w e ig h t 
and m o r ta l i t y  r i s k  in  younger peop le , b u t in  peop le  o ld e r  th a n  50 
years  no such r e la t io n s h ip  was fo u n d . T h is  i s  in  agreement w ith  
r e s u lt s  o f  o th e r s tu d ie s  (Lew & G arf in k e l,  197 9) .
The causes o f in c rea sed  m o r ta l i t y  due to  o ve rw e ig h t a re  
numerous, ra n g in g  frcm  t r a f f i c  a c c id e n ts  t o  s tro k e  and co ro n a ry  h e a r t  
d ise a se . The r e la t io n s h ip  between o b e s ity  and m o r ta l i t y  is  a ls o  
e v id e n t between o b e s ity  and some d iseases and d is o rd e rs  (R oya l 
C o llege  o f P h y s ic ia n s ,1 9 8 3 ). D is o rd e rs  f o r  w h ich  t h is  r e la t io n s h ip  
a p p lie s  in c lu d e  co rona ry  h e a r t  d isease , h y p e rte n s io n , d ia b e te s
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m e l l i t u s ,  g a l l  b ladde r d isease , a r t h r i t i s ,  sane cance rs , and 
d is o rd e rs  o f  th e  re s p ir a to r y  system and th e  m e n s tru a l c y c le .  These 
a re  d iscussed  f u r th e r  i n  s e c t io n s  1 .2 .3  b) and 1 .2 .3  c ) .  Seme s tu d ie s  
have found  no r e la t io n s h ip  between o b e s ity  and m o r ta l i t y /m o r b id i t y  
(B o rh a n i e t  a l ,  1 9 6 5 ). However, these were u s u a lly  perform ed in  o ld e r  
aged p o p u la tio n s  (La rsson  e t  a l ,  1 98 1 ).
Recent s tu d ie s  suggest th a t  th e  r e la t io n s h ip  between o b e s ity  and 
m o r ta l i t y /m o r b id i t y  may depend upon th e  d is t r ib u t io n  o f  body f a t ,  
w ith  those in  whan the  f a t  i s  p re d o m in a n tly  lo c a te d  in  th e  abdom inal 
re g io n  (upper body segment o b e s ity )  b e in g  more a t  r i s k  f o r  sane 
d is o rd e rs  and f o r  death th a n  persons w ith  p re d o m in a n tly  
fe m o ra l-g lu te a l ( lo</er body segment) o b e s ity  ( B la i r  e t  a l,1 9 8 4 ; 
D u c im e tie re  e t  a l,1 9 8 6 ; K a lk h o ff e t  a l,1 9 8 3 ) .  The e f fe c t  o f f a t  
d is t r ib u t io n  i s  independent o f th e  degree o f o b e s ity  (K a lk h o ff  e t  a l ,
198 3 ). T h is  may a ls o  e x p la in  , in  p a r t ,  why th e  r e la t io n s h ip  between 
o b e s ity  and m o r ta l i t y /m o r b id i t y  is  n o t e v id e n t i n  some s tu d ie s .  The 
g re a te r  o v e r a l l  r i s k  o f  c a rd io v a s c u la r  m o r ta l i t y  seen in  men compared 
to  wanen may a ls o  be p a r t i a l l y  e x p la in e d  by t h is  r e la t io n s h ip ,  as 
body f a t  tends to  accum ulate in  th e  upper body segnent in  men and in  
th e  lo w e r body segnent in  wcmen.
b) C a rd io v a s c u la r r is k s  
The r e la t io n s h ip  between excess body w e ig h t and Inc re ased  r i s k  o f  
m o r ta l i t y  and m o rb id ity  f ra n  c a rd io v a s c u la r  d isease is  complex.
O bse rva tions  o f  c a rd io v a s c u la r  d isease occurrence over 26 years  
in  Framingham suggest th a t  th e  degree o f o b e s ity  is  a s ig n i f ic a n t  and 
independent lo n g -te rm  p re d ic to r  o f such d isease , p a r t ic u la r ly  among 
wanen (H u b e rt e t  a l,1 9 8 3 ) .  The r i s k  o f a l l  form s o f c a rd io v a s c u la r  
d isease , e x c lu d in g  in te r m it te n t  c la u d ic a t io n ,  in c rea sed  in  bo th  sexes
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w ith  th e  degree o f o b e s ity  and t h is  g ra d ie n t was most pronounced in  
those  s u b je c ts  younger than  50 years  o f  age. In  t h i s  younger segment 
o f  th e  p o p u la t io n ,  r i s k  was 1.7 to  4 .8  tim es g re a te r  in  th e  h e a v ie s t 
compared t o  th e  le a n e s t groups. Thus o b e s ity  has d i r e c t  im pact on th e  
in c id e n c e  o f  c a rd io v a s c u la r  d isease as an independent r i s k  f a c to r  and 
has an in f lu e n c e  on o th e r  r i s k  fa c to r s  such as h y p e r lip id a e m ia  and 
h y p e rte n s io n . H y p e r tr lg ly c e r ld a e m ia  re p re s e n ts  th e  most common fo rm  
o f h y p e r lip id a e m ia  observed in  th e  obese, w ith  hyper c h o le s te ro la e m ia  
found  le s s  c o n s is te n t ly  ( N e s te l,1978) . H igh d e n s ity  l ip o p r o te in  
( HDL), p u rp o r te d ly  in v e rs e ly  c o r re la te d  w i th  r i s k  o f  d e v e lo p in g  
c a rd io v a s c u la r  d ise a se , is  decreased in  th e  obese (C a r ls s o n  &
E r ic s s o n , 197 5 ) .
There i s  a w e ll- re c o g n is e d  a s s o c ia t io n  between th e  degree o f 
o ve rw e ig h t and b lo o d  p re ssu re  e le v a t io n  (Boe e t  a l  1957; F lo re y  e t 
a l,1 9 6 9 ; T o b ia n ,1 9 7 8 ) .  The Chicago P e o p le 's  Gas Company S tudy
( S ta r t le r ,1967) was a c ro s s -s e c t io n a l exam in a tion  o f  men aged 40-59 
ye a rs , s t r a t i f i e d  a c c o rd in g  to  th e  r a t i o  o f t h e i r  observed w e ig h t to  
d e s ira b le  w e ig h t a t  tim e  o f e n try .  As t h i s  r a t i o  in c re a se d , th e re  was 
a s tepw ise  In c re a s e  in  th e  p reva lence  o f d ia s t o l i c  h y p e rte n s io n  (when 
e i th e r  95 o r lOOmmHg was used as th e  c u t o f f  p o in t ) .  A m u l t iv a r ia te  
a n a ly s is  o f  th e  e f fe c t  o f  r e la t iv e  w e ig h t on b lood  p re ssu re  in  more 
th a n  13 000 men and wanen in  th e  Chicago Board o f  H e a lth  Community 
Survey found  a r e la t io n s h ip  between o v e rw e ig h t and h y p e rte n s io n , 
which p e rs is te d  when age, sex, race and fa m ily  h is to r y  o f
h y p e rte n s io n  were ta ke n  in to  account (S ta m le r e t  a l ,1 9 7 5 ) .
In  lo n g i tu d in a l  s tu d ie s , w e ig h t g a in  i s  a s s o c ia te d  w i th  an
in c re a se d  r i s k  o f  d e v e lo p in g  h y p e rte n s io n . The P eop le1 s Gas Company 
Study ( S ta m le r ,1967) suggested t h a t  w e ig h t s ta tu s  a t  an e a r ly  age and
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th e  subsequent r a p id i t y  o f  w e ig h t g a in  a re  h ig h ly  c o r re la te d  w ith  th e  
developm ent o f  h y p e rte n s io n  in  m id d le  age. The Framingham Study 
( Kannel e t  a l  1967) showed th a t  s u b je c ts  who w ere 20% o v e rw e ig h t a t  
, t im e  o f a dm iss ion  had an e ig h t  tim e s  g re a te r  r i s k  o f  d e ve lo p in g  
h y p e rte n s io n  th a n  th e  group th a t  were 10% unde rw e igh t a t  the  tim e  o f 
adm iss ion . Exam in ing th e  same c o h o rt,  A sh ley and Kannel (1974) 
re p o r te d  t h a t  f o r  each 1 0 - u n it  in c re a s e  in  r e la t iv e  w e ig h t th e re  was 
an in c re a s e  o f 6 .6mmHg in  s y s to l ic  b lood  p re s s u re  in  men and a more 
modest in c re a s e  o f 4.5mmHg in  wcmen.
P o s s ib le  mechanisms o f  h y p e rte n s io n  o c c u r r in g  in  o b e s ity  in c lu d e  
in c re a se d  c a rd ia c  o u tp u t (A le xa n d e r,1 9 6 3 ), Inc re ased  b lood  volume and 
sodium s to re s  (D ustan ,1983) ,  abnormal a ld o s te ro n e - re n in  response 
(H iram a tsu  e t  a l ,1 9 8 1 ) ,  in c rea sed  n o ra d re n e rg ic  a c t i v i t y  (Landsberg  & 
Young,1978 and 1981a), and h y p e rin s u lin a e m ia  (Landsberg , 1 98 6 ).
1 .2 .3  c )  N o n -c a rd io v a s c u la r r is k s .
i )  D ig e s t iv e  d iseases
The a s s o c ia t io n  between o b e s ity  and g a llb la d d e r  d isease has been 
documented in  s e v e ra l s tu d ie s  ( L e i jd ,  1 9 8 0 ). Inc re ased  c h o le s te ro l 
p ro d u c tio n  and s e c re t io n  p ro v id e s  one e x p la n a tio n  f o r  t h is  
a s s o c ia t io n .  A b n o rm a lit ie s  in  h e p a t ic  fu n c t io n  occu r commonly in  
o b e s ity  w ith  s te a to s is  o c c u r r in g  in  68-94% o f obese p a t ie n ts  
( B r a i l lo n  & Capron, 1 98 3 ). Whether f ib r o s is  o r  c i r r h o s is  i s  p re se n t 
v a r ie s  w ith  th e  type  o f p a t ie n t .
i i )  Pulm onary d isease and d i s a b i l i t y
Many a b n o rm a lit ie s  a re  seen on measurement o f pulmonary fu n c t io n  in  
obese persons (Luce , 1 9 8 0 ). A t one extrem e a re  th e  p a t ie n ts  w ith  th e  
P ic k w ic k ia n  syndrcme (named a f t e r  Joe, the  f a t  boy in  D ickens '
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"P ic k w ic k  P apers” ) .  The P ic k w ic k ia n  syndrome, o r o b e s ity  
h y p o v e n t i la t io n  syndrome, is  c h a ra c te r is e d  by somnolence, o b e s ity  and 
h y p o v e n t i la t io n  (B u rw e ll e t  a l ,  1 9 5 6 ). A t th e  o th e r extrem e a re
p a t ie n ts  w ith  im pairm ent i n  w o rk  c a p a c ity  and pulm onary fu n c t io n  due 
to  o b e s ity  i t s e l f .  A f a i r l y  un ifo rm  decrease in  e x p ira to ry  re se rve  
volum e ( th e  volume o f a i r  th a t  can be blown o f f  a f te r  norm al
v e n t i l a t io n ) ,  a low  maximim ra te  o f v o lu n ta ry  v e n t i la t io n  and a 
tendency towards genera l re d u c t io n  in  lu n g  volum e occur in  o b e s ity .  
R e s p ira to ry  muscles may a ls o  fu n c t io n  a b n o rm a lly  in  obese p a t ie n ts  
( B ra y ,1 9 8 5 ).
i i i )  E ndocrine  d is o rd e rs  
A c o n s is te n t  re d u c t io n  in  th e  c o n c e n tra t io n  o f  t o t a l  serim
te s to s te ro n e  i s  seen in  obese men (G lass e t  a l ,  1981; K ley  e t a l ,
1 98 0 ), th a t  i s  d i r e c t ly  r e la te d  to  th e  degree o f o b e s ity .  A 
w e ig h t- re la te d  r is e  in  bo th  o e s t ra d lo l and o e s tro n e  a ls o  o ccu rs  in  
men (K le y  e t  a l ,  1 9 8 0 ).
The onse t o f menarche f re q u e n t ly  occurs a t  a younger age in  
obese g i r l s  th a n  in  normal w e ig h t g i r l s  ( B ray, 1 9 7 6 a ). The obese 
p a t ie n t  o f te n  has i r r e g u la r  m e n s tru a l c y c le s  as w e l l  as an In c re a se  
in  fre q u e n cy  o f m ens trua l a b n o rm a lit ie s  in c lu d in g  amenorrhoea, 
fu n c t io n a l u te r in e  b le e d in g , prem ature menopause and i n f e r t i l i t y  
(Rogers & M it c h e l l ,  1 9 5 2 ). I n f e r t i l i t y  is  a common c h a r a c te r is t ic  o f  
th e  re c e s s iv e ly  in h e r ite d  an im a l o b e s it ie s  in c lu d in g  ob /ob , db /db  and 
f a / f a  m u tan ts  (B ray & York, 1 9 7 1 ). In  th e  d ie ta r y  obese r a t  model 
used f o r  these s tu d ie s  sm a ll d if fe re n c e s  between th e  c y c l ic a l  
v a r ia t io n  in  b lood  p re s s u re  and body w e ig h t change th ro u g h o u t th e  
o e s tro u s  c y c le  were no ted  compared to  le a n  r a ts  ( see s e c t io n  3 .3 ) .
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iv )  O rthopa ed ic  d is o rd e rs
An Increase  In  body w e ig h t m ig h t be expected  t o  add a d d it io n a l trauma 
to  th e  w e ig h t- c a r ry in g  jo in t s ,  th e re b y  a c c e le ra t in g  th e  development 
o f  o s te o a r t h r i t i s ,  an a g e -re la te d , n o n -in fla m m a to ry  d isease o f th e  
d ia r t h r o d ia l  j o i n t s  c h a ra c te r is e d  by d e g e n e ra tio n  and ove rg row th  o f
th e  c a r t i la g e  and by overgrow th  and s c le ro s is  o f  the  bone. Data on
%
t h i s  issu e  a re , however, c o n t ra d ic to ry .  S u rp r is in g ly ,  in  one s tudy  in  
w h ich  persons w ere more than  100% o v e rw e ig h t, the  in c id e n c e  o f 
o s t e o a r t h r i t i s  was o n ly  12% ( S a v i l le  & D ickson , 1 9 6 8 ). However, 
s e v e ra l o th e r s tu d ie s  have shown an in c re a s e d  p reva lence  o f 
o s te o a r t h r i t i s  in  obese persons, as w e l l  as a g re a te r  mean w e ig h t f o r  
persons w ith  o s t e o a r t h r i t is  (G o ld in  e t  a l ,  1976; Weber, 1 9 3 9 ). A 
s tu d y  by Engel (1968) o f  th e  p reva lence  o f o s t e o a r t h r i t is  in  hands 
(n o n -w e ig h t b e a rin g ) and ank le s  (w e ig h t-b e a r in g )  in  a p o p u la tio n  o f 
2548 p a t ie n ts  shewed an in c re a se  in  th e  p reva lence  o f o s t e o a r t h r i t is  
i n  r e la t io n  t o  body w e ig h t f o r  a l l  wemen ove r 3 5 yea rs  o f  age. The 
a g e -re la te d  in c re a s e  in  o s t e o a r t h r i t i s  was compensated f o r  by 
d iv id in g  p a t ie n ts  in t o  fo u r  age groups. The in c re a s e  in  p reva lence  o f 
o s t e o a r t h r i t i s  w i th  in c re a se d  w e ig h t was seen in  a l l  age groups.
v) Dermal a b n o rm a lit ie s
Two cutaneous a b n o rm a lit ie s  have been a s s o c ia te d  w ith  o b e s ity .  The 
f i r s t  i s  f r a g l l i t a s  c u t is  in g u in a l is  ( Ganor & Even Faz, 1 9 6 7 ). I t  was 
no ted  th a t  in  63 o u t o f 200 p a t ie n ts  w ith  a v a r ie t y  o f d iseases , 
a p p a re n tly  norm al in g u in a l s k in  ru p tu re d  when s tre tc h e d  
e x p e r im e n ta lly .  T h is  phenomenon was con s id e re d  t o  be an e x p re s s io n  o f 
s k in  f r a g i l i t y  in  t h i s  re g io n . The c o n d it io n  was re la te d  to  o b e s ity  
(n e a r ly  7 0% o f  th e  p a t ie n ts  showing t h i s  phenomenon were obese as 
compared to  20-25% who were o f medium w e ig h t)  b u t n o t to  sex,
d ia g n o s is  o r  th e  presence o£ s t r ia e .  A ca n th o s is  n ig r ic a n s ,  a 
d a rke n in g  o f  th e  s k in  in  th e  creases o f  th e  neck, in  th e  a x i l l a r y  
re g io n  and ove r th e  knuck les , is  a second derm al a b n o rm a lity  
a s s o c ia te d  w i th  o b e s ity .  I t  i s  sometimes a s s o c ia te d  w ith  h ic g ily  
m a lig n a n t cance rs , u s u a lly  in tra -a b d o m in a l adenocarcinema o c c u r r in g  
in  m id d le -a g e d  and e ld e r ly  p a t ie n ts  (Brown & W inkleman, 196 8 ).
v i )  P sy c h o s o c ia l d i s a b i l i t y
S tu d ie s  o f  s e le c te d  samples have shown t h a t  v a r io u s  k inds  o f  
p s y c h o s o c ia l d i s a b i l i t y  a re  more common in  th e  obese. The obese a re  
s u b je c t t o  s o c ia l ,  economic and o th e r  d is c r im in a t io n  (Cahnman, 1 9 6 8 ). 
In  W estern s o c ie t ie s ,  where s lim ness  i s  p ro je c te d  as th e  id e a l ,  
o b e s ity  is  a s o c ia l s t ig n a  and p o s s ib ly  as a consequence, th e  obese 
a re  s u b je c t to  s e lf-d is p a ra g e m e n t and may have a poor s e lf- im a g e . 
However, th e re  have been few la rg e -s c a le  p o p u la t io n  s tu d ie s  from  
w h ich  to  draw f ir m  c o n c lu s io n s  and even fe w e r c l i n i c a l  t r i a l s  
asse ss in g  changes in  p sych o so c ia l fe a tu re s .
v i i )  Cancer
A s tudy  by th e  Am erican Cancer S o c ie ty  (G a r f ln k e l ,  1985) was th e  
f i r s t  la rg e -s c a le  p ro s p e c tiv e  s tudy to  p resen t da ta  on o v e rw e ig h t and 
cance r. I t  was re p o r te d  th a t  ove rw e ig h t men had s ig n i f ic a n t l y  h ig h e r  
m o r ta l i t y  r a t io s  f o r  c o lo re c ta l and p ro s ta te  cancer than  norm al 
w e ig h t men and t h a t  o ve rw e ig h t wemen had much h ig h e r  death ra te s  f o r  
cancer o f th e  endom etrium , g a l l  b ladde r and c e r v ix  and s ig n i f i c a n t l y  
h ig h e r ra te s  f o r  ova ry  and b re a s t cancer th a n  normal w e ig h t wanen. 
The o v e r a l l  m o r ta l i t y  r a t io  f o r  cancer f o r  persons 40% o r more 
o v e rw e ig h t was 1.33 fo r  men and 1.55 fo r  wanen.
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1 .2 .3  d) The r o le  o f w e ig h t re d u c t io n  in  th e  management o f
h y p e rte n s io n .
B ened ic t and Roth (1918) f i r s t  d iscussed  th e  p o te n t ia l  r o le  o f 
w e ig h t c o n tro l In  th e  re d u c t io n  o f  b lo o d  p re s s u re . In  a group o f  25 
norm otenslve  s u b je c ts ,  they  showed th a t  a 10-20% w e ig h t lo s s  produced 
a s ig n i f ic a n t  re d u c t io n  in  b lood  p re s s u re  in  56% o f  the  s u b je c ts  
s tu d ie d . In  15 o u t o f  17 s tu d ie s  rev iew ed  by Chlang e t  a l (1969) a 
re d u c t io n  in  b lood  p re s s u re  a f te r  w e ig h t lo s s  was dem onstra ted. These 
s tu d ie s  In c lu d e d  no rm o tens lve  or m i ld ly  h y p e rte n s iv e  s u b je c ts .
One o f th e  m ain reasons f o r  f a i l u r e  to  accep t th a t  w e ig h t lo s s  
has a causa l r o le  i n  th e  re d u c t io n  o f  b lood  p re s s u re  has been th e  
c la im  th a t  th e  e f fe c t  o f c a lo r ic  r e s t r i c t io n  on a r t e r i a l  p ressu re  is  
m a in ly  due to  th e  c o n c u rre n t r e s t r i c t io n  in  sodium in ta k e  (D ahl e t  
a l ,  1 9 5 8 ). However, w e ig h t re d u c t io n  has been re p o r te d  in  p a t ie n ts  in  
whcm sodium in ta k e  was m a in ta in e d  a t  165 +. 52 m equiv/day in  a d ie t  in  
w h ich c a lo r ie s  were s e v e re ly  r e s t r ic t e d ;  re d u c t io n  in  b lood  p re ssu re  
( t o  norm otenslve  le v e ls  i n  75% p a t ie n ts )  was re p o r te d  and was 
m a in ta in e d  by more th a n  h a l f  o f th e  p a t ie n ts  d u r in g  a fo l lc w - u p  
p e r io d  o f  w e ig h t m aintenance (R e is in  & F ro h l ic h ,  1 98 2 ). The e f fe c ts  
o f sodium on a r t e r i a l  b lood  p re ssu re  a re  d iscussed  f u r th e r  in  s e c t io n  
1 .5 .
W eight re d u c t io n  has been shown t o  be s u p e r io r  to  tre a tm e n t w ith  
th e  b e ta -a d re n o ce p to r b lo c k in g  d rug , m e to p ro lo l,  in  tre a tm e n t o f  m ild  
h y p e rte n s io n  (MacMahon, 1 98 5 ). A n tih y p e r te n s iv e  m e d ic a tio n  may 
produce unp leasan t s id e - e f fe c ts ,  wh ich c o u ld  im p a ir  th e  q u a l i t y  o f 
l i f e  o f th e  p a t ie n t .  For example, m ethyldopa, a w id e ly -u s e d  
a n t ih y p e r te n s iv e  d rug  w o rld w id e , o f te n  causes s e d a tio n  and d ry  mouth 
(Van Z w ie ten  e t  a l ,  1984)'. H y d ra la z in e , which a c ts  d i r e c t ly  on smooth
21
m uscle to  cause a r t e r io la r  v a s o d ila t io n ,  i s  r e la t iv e ly  f r e e  o f
c e n t ra l s id e - e f fe c ts ,  however th e  m ain concern w ith  t h is  d rug  i s  t h a t
i t  i s  th o u g h t to  cause d ru g -in duced  lu p u s  syndrcme (Kochweser, 1 9 7 6 ). 
P ra zo s in  causes bo th  venous and a r t e r io la r  v a s o d i la t io n  by i t s  a c t io n  
as a p o s ts y n a p tic  (a lp h a ^ ) ad renocep to r b lo c k e r  and i s  sometimes 
a s s o c ia te d  w ith  o r th o s ta t ic  d iz z in e s s , le th a rg y ,  sexua l d y s fu n c t io n  
and n igh tm a res  (V e te ra n s ' A d m in is tra t io n  C o -o p e ra tiv e  S tudy Group,
1 98 1 ). The drugs d iscussed  so f a r  a re  u s u a lly  used f o r  m oderate and
severe  h y p e rte n s io n  and so, in  g e n e ra l, p a t ie n ts  w i l l  accept th e
adverse e f fe c ts  i n  v iew  o f the  lo n g -te rm  b e n e f i ts  o f  tre a tm e n t. In  
such p a t ie n ts  w e ig h t re d u c t io n  w ou ld  p ro b a b ly  n o t t o t a l l y  a b o lis h  th e  
need f o r  m e d ic a tio n , though i t  m ig h t reduce th e  dosage re q u ire d  f o r  
adequate c o n t r o l ,  th e re b y  re d u c in g  th e  s e v e r ity  o f dose-dependent 
s id e -e f  fe e t  s ( W a s s e rth e il-S m o lle r ,  1 9 8 7 ). For m ild  h y p e rte n s io n  th e  
f i r s t  l i n e  o f tre a tm e n t i s  u s u a lly  w ith  th ia z id e  d iu r e t ic s  o r  
b e ta -a d re n o ce p to r b lo c k in g  d rugs . T h ia z id e s  a re  known to  cause a 
number o f adverse e f fe c ts  in c lu d in g  h y p e ru ric a e m la , p r e c ip i t a t io n  o f  
d ia b e te s  m e l l i t u s  and h y p e r lip id a e m ia  (M aclean & Tudhope, 1 9 8 3 ). 
B e ta -ad ren ocep to r b lo c k e rs  may a ls o  cause a number o f adverse 
e f fe c ts .  In  a d d it io n  t o  b ra d y c a rd ia , im pairm ent o f c a rd ia c  o u tp u t and 
p o s s ib le  p r e c ip i t a t io n  o f  asthma, they  may cause t ire d n e s s  o f th e  
le g s , c o ld  hands and fe e t  and v iv i d  dreams. Im pairm ent o f p h y s ic a l 
perform ance i s  perhaps th e  s in g le  most troub lesom e s id e - e f fe c t  o f  
t h is  group o f  drugs in  th e  young h y p e rte n s iv e  p a t ie n t  (Lew is  e t  a l ,
1984) .
H yperg lycaem ia , d ia b e te s  m e l l i t u s  and c e r ta in  h y p e r lip id a e m ia s  
a re  a l l  c o n d it io n s  c lo s e ly  a sso c ia te d  w ith  o b e s ity  (see s e c t io n  1 .2 .3  
b) ) .  T h ia z id e  d iu r e t ic s ,  one o f th e  most commonly used drugs f o r  th e
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tre a tm e n t o f  h y p e rte n s io n , have been shewn to  r a is e  b lood  l i p i d s  and 
t o  p red ispose  p a t ie n ts  t o  d ia b e te s  m e l l i t u s  (as  s ta te d  e a r l ie r )  and 
th e re fo re  t h e i r  use in  tre a tm e n t o f  obese h y p e rte n s iv e  p a t ie n ts  m ig h t 
w orsen th e  p re d is p o s it io n  to  these  c o n d it io n s .  Hcwever, the  use o f 
w e ig h t re d u c t io n  in  th e  obese m i ld ly  h y p e rte n s iv e  p a t ie n t  m ig h t be 
expec ted  to  im prove th e  b lood  l i p i d  p r o f i l e  and th e  hype rg lycaem ia  
w h i ls t  re d u c in g  th e  e le v a te d  b lood  p re s s u re .
1 .2 .4  Methods o f tre a tm e n t o f o b e s ity
The co n n e c tio n  between fo o d  in ta k e  in  excess o f  energy 
e x p e n d itu re  and o b e s ity  was addressed by th e  famed French gourmet 
B r i l la t - S a v a r in  in  1825:
"Any cu re  f o r  o b e s ity  must be g in  w ith  th e  fo l lo w in g  and a b s o lu te  
p re c e p ts : d is c r e t io n  in  e a t in g ,  m ode ra tion  in  s le e p in g , and e x e rc is e  
on fo o t  o r on ho rseback . ”
(Q uoted by K re u t le r ,  1980)
In  t h i s  s e c t io n  v a r io u s  methods used to  t r e a t  o b e s ity  are d iscussed .
1 .2 .4  a) D ie ta ry  r e s t r i c t io n
F a s tin g  o r  s ta rv a t io n ,  in  w h ich  no fo o d  i s  ea ten , a ltho ugh  w a te r i s  
ta ke n , is  th e  d ie ta r y  measure w h ich  produces th e  g re a te s t ra te  o f 
w e ig h t lo s s .  F a s tin g , as a th e ra p e u tic  t o o l  , has been known s in ce
th e  tim e  o f H ip p o c ra te s  ( t r a n s la te d  by Adams, 1 8 4 9 ). Hcwever,
a ltho ugh  i t  produces ra p id  w e ig h t lo s s  i t  a ls o  c a r r ie s  a h ig h  r is k  o f  
s e r io u s  m e ta b o lic  d is o rd e rs  and even death i f  co n tin u e d  f o r  lo n g
p e rio d s  due to  th e  n e g a tiv e  n it ro g e n  balance o c c u r r in g ,  w ith  th e  lo s s
o f a la rg e  p ro p o r t io n  o f  le a n  body mass in  a d d it io n  t o  lo s s  o f  f a t  
(G arrcw , 1 98 8 ).
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M o d if ie d  fa s ts ,  in c o rp o ra t in g  s m a ll amounts o f  h ig h  b io lo g ic a l  
v a lu e  an im a l p r o te in  t o  m a in ta in  p o s i t iv e  n it ro g e n  ba lance , were 
p io n e e re d  by B la ckb u rn  e t  a l  (1975) and Howard & B a ird  (1 9 7 7 ). The 
e a r ly  m o d if ie d  fa s ts  gave r is e  to  th e  many v e ry  low c a lo r ie  d ie ts  
( VLCDs) now m arketed and a v a i la b le  co m m e rc ia lly , in c lu d in g  th e  
Cambridge D ie t ,  th e  M ic ro d ie t  ( U n i- v i te )  and M o d ifa s t (W ander). VLCDs 
a re  u s u a lly  p resen ted  as m ilkshake -’ type d r in k s  o r  fo o d  bars  
c o n ta in in g  h ig h  b io lo g ic a l  va lue  p ro te in ,  ca rb o h yd ra te , f a t  and a 
v ita m in  and m in e ra l p rem ix , w ith  a t o t a l  energy c o n te n t o f
a p p ro x im a te ly  33 0-500 c a lo r ie s  in  a days s u p p ly . VLCDs a re  v e ry  
e f fe c t iv e  in  p ro d u c in g  ra p id  w e ig h t lo s s  ( Is a a c s  & P a rry , 1984; 
Apfelbaum , 1 9 8 7 ). The q u e s tio n  o f  t h e i r  s a fe ty  can n o t be answered 
s im p ly , s in ce  th e  s a fe ty  depends on th e  d u ra t io n  o f  use and th e  
h e a lth  o f th e  u s e r. Garrcw (1988) has p resen ted  a d e ta i le d  re v ie w  o f 
many c l i n i c a l  s tu d ie s  in v o lv in g  th e  use o f VLCDs.
By f a r  th e  m ost p o p u la r and w id e ly  used typ e  o f d ie t  f o r  w e ig h t 
re d u c t io n  i s  th e  lew  c a lo r ie  d ie t ,  s u p p ly in g  a p p ro x im a te ly  1000-1500 
c a lo r ie s  pe r day, based on a s e le c t io n  o f  norm al foods . There a re  
th re e  g u id in g  p r in c ip le s  in  d e s ig n in g  such d ie ts .  F i r s t l y ,  th e  d ie t  
must su p p ly  le s s  energy th a n  th e  p a t ie n t 's  m aintenance re q u ire m e n ts , 
o th e rw ise  th e re  w i l l  be no w e ig h t lo s s .  Secondly, i t  must supp ly  a l l  
n u t r ie n ts  re q u ire d  a p a r t  frcm  energy o th e rw ise  i t  w i l l  e v e n tu a lly  
le a d  to  m a ln u t r i t io n .  T h ir d ly ,  i t  must be (as  f a r  as p o s s ib le )  
a cce p ta b le  to  th e  p a t ie n t ,  o th e rw ise  th e  p a t ie n t  w i l l  n o t comply w ith  
the  d ie ta r y  a d v is e . Low c a lo r ie  d ie ts  o f f e r  many advantages ove r 
VLCDs and f a s t in g :  th e y  may be t a i lo r e d  t o  f i t  th e  p a t ie n ts  l i f e s t y l e  
and fo o d  p re fe re n c e s ; as no s p e c ia l foods a re  needed, th e  p a t ie n t  may 
share m eals w ith  fa m i ly  and /o r f r ie n d s ;  th e y  may in c lu d e  a v a r ie d ,
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ba lanced range o f fo o d s ; th e y  need n o t co s t more th a n  'n o rm a l' m ea ls ; 
th e y  may s a fe ly  be co n tin u e d  u n t i l  an a p p ro p r ia te  w e ig h t I s  reached; 
th e y  h e lp  t o  educate th e  p a t ie n t  about energy va lu e s  o f  foods thus  
encourag ing  a change I n  lo n g  te rm  e a t in g  h a b its  and In c re a s in g  th e  
l ik e l ih o o d  o f  w e ig h t m aintenance once th e  excess w e ig h t I s  lo s t *
In  th e  p as t th e re  was a tre n d  f o r  w e ig h t- re d u c in g  d ie ts  t o  
c o n ta in  lew  le v e ls  o f  ca rb o h yd ra te . S o -c a lle d  s ta rc h y  foods were 
r e s t r ic t e d  and co n s ide red  ' f a t t e n in g ” . However, re c e n t research  has 
p ro v id e d  evidence th a t  i t  i s  foods w ith  a h ig h  f a t  an d /o r a h ig h  
r e f in e d  ca rboh yd ra te  c o n te n t w h ich shou ld  be r e s t r ic t e d .  Thus th e  
most p o p u la r d ie ts  now tend  to  be based on foods w ith  a low  f a t  
c o n te n t w h ich  a re  a ls o  r ic h  in  complex ca rb o h yd ra te s  (H u tto n , 1 9 8 5 ).
1 .2 .4  b) B e hav iou ra l m o d if ic a t io n
In te re s t  in  b e h a v io u ra l m o d if ic a t io n  began in  1967 w ith  th e  
p u b lic a t io n  o f  a s h o r t  paper, ”B e h a v io ra l C o n tro l o f E a t in g ” ( S tu a r t ,  
1 9 6 7 ). T h is  in te r e s t  r a p id ly  developed in to  an e x p lo s io n  o f  re se a rch .
A d e ta i le d  account o f a b e h a v io u ra l programme i s  beyond th e  
l im i t s  o f  t h is  s e c t io n , however a b r ie f  d e s c r ip t io n  o f  some o f th e  
e s s e n t ia l e lem ents i s  as fo l lo w s :
i )  s e l f -m o n ito r in g  -  d e s c r ip t io n  o f  th e  behav iour to  be
c o n t r o l le d ;
i i )  c o n t ro l o f the  s t im u l i  th a t  precede e a t in g ;
i l l )  development o f techn iques  to  c o n tro l th e  a c t o f e a t in g ;
iv )  re in fo rc e m e n t o f th e  p re s c r ib e d  behav iou rs
v) c o g n it iv e  r e s t r u c tu r in g .
E x te n s ive  d e s c r ip t io n s  o f b e h a v io u ra l programmes have been
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p u b lis h e d  by Mahoney & Mahoney (1 9 7 6 ), S tu a r t  (1978) and o th e rs .  One 
p a r t ic u la r  la rg e  s tudy  has g ive n  grounds f o r  op tim ism  re g a rd in g  th e  
e f fe c t iv e n e s s  o f  behav iou r m o d if ic a t io n .  C l in ic a l ly  s ig n i f ic a n t  
w e ig h t lo s s e s  (mean=10.9kg) were ach ieved  i n  a la rg e  nunber o f obese 
women, and these  w e ig h t lo s s e s  were m a in ta in e d  f a r  more e f f e c t iv e ly  
th a n  those  a ch ieved  by d rug  th e ra p y  (C ra ighead  e t  a l ,  1 9 8 1 ).
1 .2 .4  c) The use o f e x e rc is e  in  th e  tre a tm e n t o f o b e s ity .
In c re a s in g  energy e x p e n d itu re  above energy In ta k e  i s  a n o th e r way 
to  a c h ie ve  th e  n e g a tiv e  energy balance re q u ire d  f o r  w e ig h t lo s s .  The 
components o f  energy e x p e n d itu re  by human be ings can be d iv id e d  in t o  
th re e  p a r ts :  b a sa l m etabo lism , h ea t lo s s e s  due to  th e  th e rm ic  e f fe c ts  
o f  fo o d  and th e  energy needs f o r  p h y s ic a l a c t i v i t y .  The t h i r d  
component i s  th e  m ost e a s i ly  m an ip u la ted  and o b v io u s ly  depends upon 
th e  degree o f a c t i v i t y .  In c re a s in g  th e  le v e l  o f p h y s ic a l a c t i v i t y  
w i l l  in c re a se  energy e x p e n d itu re . S tu d ie s  have shewn th a t  th e  use o f 
e x e rc is e  a lo n e  has produced le s s  w e ig h t lo s s  th a n  o th e r  m o d a l i t ie s  
(W ing & J e f f r e y ,  1 9 7 9 ), hcwever i t  i s  d e s ira b le  to  encourage p a t ie n ts  
to  in c re a s e  a c t i v i t y  as an a l te r n a t iv e  to  e a t in g .  Inc reased  p h y s ic a l 
e x e rc is e  i s  a ls o  u s e fu l in  a s s is t in g  th e  m aintenance o f a lo w e r 
w e ig h t le v e l  a f te r  w e ig h t lo s s  has been ach ieved .
E x e rc is e  may a ls o  prove u s e fu l in  p re v e n tio n  o f th e  decrease in  
m e ta b o lic  r a te  seen w ith  p ro longed  adherence to  a lew  c a lo r ie  d ie t .  
When d ie t in g ,  m e ta b o lic  r a te  may drop by 6% by th e  end o f  th e  f i r s t  
week and by 15-20% by the  end o f  the  t h i r d  week (H u tto n , 1 9 8 5 ). 
R egu lar e x e rc is e  m ig h t h e lp  t o  p re ve n t th e  c y c le  o f reduced r a te  o f 
w e ig h t lo s s  ( 'p la te a u  e f f e c t ' )  w ith  subsequent abandonment o f th e  
d ie t ,  r e s u l t in g  in  th e  lo s t  w e ig h t be ing  re g a in e d  (p lu s  p o s s ib le
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e x tra  w e ig h t g a in ) and th e  m e ta b o lic  r a te  re m a in in g  depressed. T h is  
p rocess  w o u ld  le a v e  th e  s u b je c t w ith  a lo w e r energy requ irem en t and a 
g re a te r  l i k e l ih o o d  o f  g a in in g  w e ig h t i n  th e  f u tu r e .  There has been 
much in te r e s t  re c e n t ly  in  th e  th e o ry  th a t  " d ie t in g  makes you f a t " ,  
w h ich i s  based on these  o b s e rv a tio n s  (Cannon & E in z ig ,  1 9 6 3 ).
1 .2 .4  d ) S u rg ic a l tre a tm e n t
S u rg ic a l tre a tm e n t is  g e n e ra lly  re se rve d  f o r  m o rb id ly  obese 
p a t ie n ts ,  as d e fin e d  by w e igh t g re a te r  th a n  200% o f  id e a l,  though i t  
may a ls o  be cons ide red  i f  th e  p a t ie n t 's  w e ig h t i s  a t  le a s t  300LB 
(1 3 5 k g ), o r 100LB(45kg) in  excess o f id e a l (B la c k b u rn  & M i l l e r ,
1983) .
The v a r io u s  s u rg ic a l procedures used a re  designed to  induce  
w e ig h t lo s s  by d i f f e r e n t  means. The je ju n o i le a l  bypass (Payne e t  a l ,  
1963; Payne & DeWind, 1969) is  designed to  s h o rte n  th e  in t e s t in a l  
t r a c t  and, by re d u c in g  in t e s t in a l  a b s o rp tiv e  c a p a c ity ,  to  Induce 
w e ig h t lo s s  w ith o u t  th e  need f o r  d ie ta ry  th e ra p y . The in te n t io n  o f  
g a s t r ic  bypass and g a s tro p la s ty  o p e ra tio n s  (A ld e n , 1977) is  t o  reduce 
fo o d  in ta k e  by r e s t r ic t in g  stomach s iz e .
S u cce ss fu l s u rg ic a l tre a tm e n t may be expected  t o  produce 10-15LB 
(4 .5 -7 kg) w e ig h t lo s s  per month over a p e r io d  o f  9-15 months (B o the  
e t  a l ,  197 9 ) .  However, these tech n iq u e s  o f te n  produce m e d ica l 
c o m p lic a t io n s , some o f w h ich  may be severe and even l i f e - t h r e a t e n in g .  
The most common c o m p lic a tio n s  o f th e  je ju n o i le a l  bypass p rocedures 
in c lu d e  pulm onary em bo li, wound in fe c t io n ,  re n a l f a i l u r e  and l i v e r  
f a i l u r e ,  w ith  th e  l a t t e r  be ing  th e  most common cause o f death in  
these  p a t ie n ts  (B ray  e t  a l ,  1 97 6 ). O ther m ino r c o m p lic a tio n s  in c lu d e  
d ia rrh o e a , v a n i t in g ,  m inor e le c t r o ly te  d is tu rb a n c e s  and
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hypo p ro te inae m ia . C o m p lica tions  o f  g a s t r ic  bypass and g a s tro p la s ty  
a re  g e n e ra lly  few er in  number and le s s  m a jo r than  those  o f 
je ju n o i le a l  bypass. Hcwever, th e  in c id e n ce  o f wound in fe c t io n ,  
deh iscence and pulm onary embolism a re  comparable f o r  both  p rocedures. 
The most s e r io u s  c o m p lic a t io n  o f  g a s t r ic  bypass i s  an anas tom o tic  
le a k  (B la c k b u rn  & M i l le r ,  1 98 3 ).
J a w -w ir in g  o r d e n ta l s p l in t in g ,  though n o t s t r i c t l y  a s u rg ic a l 
te ch n iq u e , in v o lv e s  th e  s p l in t in g  o f  the  upper and lo w e r jaws in to  a 
p o s i t io n  such th a t  o n ly  l iq u id s  o r  s e m i-so l id s  may be in g e s te d . I t  is
b a s ic a l ly  an a id  t o  " w il lp o w e r ” and i t s  success depends upon
adherence to  a low  c a lo r ie  d ie t .  P rov ided  adequate d e n ta l hyg iene 
p rocedures a re  fo llo w e d , c o m p lic a tio n s  o f  t h is  te ch n iq u e  a re  few , 
though th e re  may be c o n s id e ra b le  p a in  f o r  th e  f i r s t  few days a f te r  
w i r in g .  The r e s u l t in g  w e ig h t lo s s  may be c o n s id e ra b le , though much 
w e ig h t i s  o f te n  re g a in e d  once th e  w ire s  a re  removed. In  o rd e r to  t r y  
to  a v o id  t h i s  rebound w e ig h t g a in , Garrcw and G a rd ine r (1981) adopted 
a tre a tm e n t p o l ic y  o f ja w -w ir in g  p lu s  a w a is tc o rd . A 2mm d iam e te r 
co rd  was a p p lie d  when th e  w ire s  were removed. P a tie n ts  who used i t  
re p o r te d  t h a t  th e  d is c o m fo r t o f th e  t i g h t  w a is tc o rd  was a cue to  
r e s t r i c t  fo o d  in ta k e  u n t i l  i t  loosened a g a in . Frcm th e  r e s u l t s  o f  th e  
s tudy  Garrcw and G ard ine r (1981) concluded th a t  th e  w a is tc o rd  was a
v a lu a b le  a id  to  s u c c e s s fu l and permanent w e ig h t lo s s  in  some
subj e c ts .
1 .2 .4  e) Pharm acotherapy o f o b e s ity
In  th e o ry  a d rug  may e f fe c t  w e ig h t lo s s  in  one o r more o f th e  
fo l lo w in g  w ays: by re d u c in g  fo o d  in ta k e  (c a te g o ry  A ) ; by decrea s ing  
fo o d  a b s o rp t io n  (c a te g o ry  B ) ;  by in c re a s in g  energy e x p e n d itu re
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( c a te g o ry  C ).
The f i r s t  chem ica l to  be m arketed s p e c i f i c a l ly  as an 
a n t i - o b e s i t y  d rug  f e l l  in to  ca te g o ry  C. D in itro p h e n o l in c rea sed  basa l 
m e ta b o lic  r a te  and energy e x p e n d itu re  by in h ib i t io n  o f  e n e rg y -r ic h  
phosphate bond t r a n s fe r .  U n fo r tu n a te ly ,  t h is  agent was found  to  
produce w ide  ra n g in g  t o x ic i t y ,  in c lu d in g  c a ta ra c ts ,  and was th e re fo re  
w ith d ra w n  (Lasagna, 198 3 ). T h y ro id  p re p a ra t io n s  (c a te g o ry  C) were 
used in  th e  p a s t f o r  tre a tm e n t o f o b e s ity ,  in  p a r t  because o f the  
fa l la c io u s  b e l ie f  th a t  obese p a t ie n ts  were h y p o th y ro id .  However, 
p o t e n t ia l l y  dangerous s id e -e f fe c ts  such as c a rd ia c  a rrh y th m ia s  have 
le d  to  t h e i r  use in  o b e s ity  be in g  d iscou raged . However, Gibbs (1988) 
r e c e n t ly  re p o r te d  th e  occurrence o f v e n t r ic u la r  f i b r i l l a t i o n  in  a 
wan an who was ta k in g  th y ro id  (USP) in  com b in a tion  w ith  an a n o re c t ic  
d rug  and a d iu r e t i c  f o r  tre a tm e n t o f moderate o b e s ity .  T h is  re p o r t  
dem onstra tes t h a t  such drugs a re  s t i l l  be ing  used in a p p ro p r ia te ly  fo r  
th e  tre a tm e n t o f  o b e s ity  w ith  p o te n t ia l ly  hazardous r e s u l t s .
A group o f  compounds known as "s ta rc h  b lo c k e rs "  (c a te g o ry  B ) , 
which w ere s a id  t o  i n h ib i t  th e  a c t io n  o f p a n c re a tic  amylase and thus  
p re ve n t th e  d ig e s t io n  and a b s o rp tio n  o f s ta rc h y  food , ra is e d  
c o n s id e ra b le  in te r e s t  in  th e  e a r ly  19 8 0 's  (Hanssen, 1 98 2 ). Hcwever 
these  compounds p roved  t o  be in e f f e c t iv e  in  p ro d u c in g  w e ig h t lo s s .
A l l  o f th e  drugs c u r re n t ly  m arketed in  t h is  co u n try  f o r  th e  
tre a tm e n t o f  o b e s ity  f a l l  in to  th e  c la s s  o f a p p e t ite  suppressants  o r  
a n o re c t ic  drugs (c a te g o ry  A ) . The amphetamines were th e  f i r s t  drugs 
o f t h is  c la s s .  However, the  u n d e s ira b le  c a rd io v a s c u la r  and c e n t ra l 
nervous system s t im u la t io n  and a ls o  th e  abuse p o te n t ia l  o f these 
drugs has r e s u lte d  in  t h e i r  use as a n o re c t ic  agents  be ing  
d iscou raged . ( See s e c t io n  1 .4 .2  fo r  fu r th e r  d e ta i ls  o f  th e  uses and
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a c tio n s  o f  am phetam ine). Newer a n o re c t ic  d rugs , many o f them based on 
th e  s t r u c tu r e  o f amphetamine, were designed t o  r e ta in  th e  a n o re c t ic  
a c t i v i t y  o f amphetamine w ith o u t  th e  unwanted s id e -e f  fe c ts .  
D ie th y lp ro p io n ,  phente rm ine, fe n f lu ra m in e  and m az indo l a re  th e  
a n o re c t ic  agen ts  c u r re n t ly  a v a ila b le  f o r  gene ra l c l i n i c a l  use in  th e  
U n ite d  Kingdom. D ie th y lp ro p io n , phenterm ine and m az indo l have 
s t im u la n t  p ro p e r t ie s  whereas fe n f lu ra m in e  tends to  produce s e d a tio n . 
M azindo l i s  th e  o n ly  c u r re n t a n o re c t ic  d rug  s t r u c t u r a l l y  u n re la te d  to  
amphetamine (see s e c t io n s  1 .4 .3  and 1 .4 .4  f o r  d e ta i ls  o f  th e  
pharm acology o f fe n f lu ra m in e  and m a z in d o l) .
B u lk in g  agen ts  such as m e th y lc e llu lo s e  a re  l i s t e d  in  th e  B r i t i s h  
N a tio n a l Fo rm u la ry  as a p p e t ite  supp ressan ts , though i t  s ta te s  th a t  
th e re  i s  l i t t l e  ev idence to  s u p p o rt t h e i r  e f f ic a c y  in  p ro d u c in g  
s a t ie t y  a t  th e  doses p re se n t in  th e  a v a i la b le  p re p a ra t io n s . Ray e t a l  
(1983) were a b le  to  dem onstra te  a de lay  in  g a s t r ic  em pty ing  tim e  w ith  
tre a tm e n t w ith  m e th y lc e l lu lo s e ,  though no w e ig h t lo s s  o c c u rre d .
Therm ogenic d rugs (c a te g o ry  C) a re  th e  s u b je c t o f much c u rre n t 
re s e a rc h . These d rugs , which in c lu d e  BRL26 83 0A, R016-8714 and
LY104119, appear to  s t im u la te  l i p o l y s is  and energy e x p e n d itu re  by a 
d i r e c t  s t im u la t io n  o f  b e ta -a d re n o ce p to rs  (A rch  e t  a l ,  1984b); M e ier 
e t  a l ,  1984; Yen e t  a l ,  1 98 4 ). C hron ic  a d m in is t ra t io n  o f  these drugs 
has produced p re m is in g  e f fe c ts  o f  w e ig h t lo s s  in  obese ro d e n ts  (A rch 
e t  a l  1984a) & 1 9 8 4 b )), though th e  r e s u lts  o f  c l i n i c a l  s tu d ie s  in  
obese humans have n o t a l l  shown w e ig h t lo s s .  Chapman e t  a l  (1985) 
showed no s ig n i f ic a n t  w e ig h t lo s s  in  r e f r a c to r y  obese p a t ie n ts  w ith  
tre a tm e n t w i th  BRL26 83 0A compared w ith  p lacebo . Hcwever, a re c e n t 
s tudy  (Connacher e t  a l ,  1988) showed a g re a te r  w e ig h t lo s s  in  
p a t ie n ts  who re c e iv e d  BRL26 83 0A (1 5 .4kg, SD6.6) th a n  in  those  who
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re c e iv e d  p lacebo  (10 .Okg,SD5.9) . The s u b je c ts  re c e iv e d  e i th e r  p lacebo 
o r  BRL26 83 0A d a i ly  fo r  18 weeks and were in s t r u c te d  to  fo l lo w  a low  
f a t /  h ig h  f i b r e  lew  c a lo r ie  d ie t .  Measurements o f  s k in fo ld  th ic k n e s s  
in d ic a te d  t h a t  th e  w e ig h t lo s s  w ith  BKL26 83 0A was m a in ly  frcm  adipose 
t is s u e  and n o t frcm  le a n  t is s u e .  Frcm these r e s u l t s  i t  was concluded 
th a t  BRL26 83 0A m ig h t be a u s e fu l d rug , as an a d ju n c t to  d ie ta ry  
th e ra p y , in  th e  tre a tm e n t o f o b e s ity .
1 .2 .5  Anim al models o f  o b e s ity
A lth ough  an im al o b e s it ie s  can n o t re p re s e n t a com plete model o f 
th e  human c o n d it io n ,  they  have p ro v id e d  Im p o rta n t in s ig h ts  in to  th e  
causes and consequences o f  th e  d isease as w e l l  as p ro v id in g  a u s e fu l 
way o f a sse ss in g  p o te n t ia l  tre a tm e n ts . They may be c la s s i f ie d  under 
th e  fo l lo w in g  head ings .
a) N eura l models
Among th e  n e u ra l models h yp o th a la m ic  o b e s ity  is  th e  most w e l l  
known. O r ig in a l ly  produced by e le c t r o l y t i c  le s io n s  o f  th e  
v e n trc m e d ia l hypothalam us , ( VMH), ( H e th e rin g to n  & Ransom, 1 94 0 ), th e re  
are  now s e v e ra l ways o f  in d u c in g  h yp o th a la m ic  o b e s ity ,  in c lu d in g  
k n i fe - c u ts  th ro u g h  th e  m ed ia l hypotha lam us, le s io n s  o f  th e  
p a ra v e n tr ic u la r  hypothalam us and sys te m ic  in je c t io n s  o f  go ld  
th lo g lu c o s e , monosodium g lu tam a te  o r b ip ip e r id y l  m ustard (S c la fa n i,
1 98 4 ). B i la t e r a l  hypo tha lam ic  damage is  u s u a lly  necessary to  produce 
m a jo r o b e s ity .
b) E ndocrine  m odels
The m ost w e ll- c h a ra c te r is e d  o f  th e  e n d o c r in e - re la te d  o b e s ity  
syndrcmes i s  t h a t  produced by ova rie c tcm y (Wade & G ray, 197 9 ) .  
C hron ic  a d m in is t ra t io n  o f  in s u l in  ( L o t te r  & Woods, 1977) and
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g lu c o c o r t ic o id s  ( H o l l i f i e l d ,  196 8) have a ls o  been used t o  in c re a s e  
fo o d  In ta k e  and body w e ig h t.
c) P harm aco log ica l tre a tm e n t
No pha rm aco log ica l model o f o b e s ity  has y e t  been f u l l y
deve loped. 5 -h y d ro xy tryp ta ra in e  a n ta g o n is ts  such as cyp rohe p ta d ine
have been shown t o  produce w e ig h t g a in  i n  r a ts  (Oonura e t  a l ,  1 9 7 3 ). 
C lo n ld in e  has been shown to  produce hype rphag ia  and w e ig h t g a in  in  
monkeys (Schlenm er e t  a l ,  197 9 ) .  Chi o r d iaz  epoxide has been shown to  
in c re a se  fo o d  in ta k e  and body w e ig h t in  th e  r a t  ( F i le ,  1 9 8 0 ).
S u rp r is in g ly ,  a s in g le  la rg e  dose o f amphetamine has been shown to  
induce a m ild ,  lo n g - la s t in g  o b e s ity  in  r a ts  (Hoebel e t  a l ,  1 9 8 1 ).
d) N u t r i t io n a l  o b e s ity
E xp e rim e n ta l o b e s ity  can be produced by a v a r ie t y  o f n u t r i t io n a l  
m a n ip u la tio n s . The most d i r e c t  approach to  in d u c in g  a d d it io n a l w e ig h t 
g a in  i s  t o  fo rc e - fe e d  excess c a lo r ie s  and t h is  tech n iq u e  has been 
used to  produce p rim a te  models o f  o b e s ity .  In c re a s in g  th e  
p a la t a b i l l t y  o f the  d ie t  ( h ig h - f a t  d ie ts ,  h ig h -s u g a r d ie ts  and 
s u p e rm a rk e t/c a fe te r ia  d ie ts )  has proved to  be an easy and e f fe c t iv e  
means o f  in d u c in g  o b e s ity  in  r a ts  (S c la fa n i,  1 9 7 8 ). The c a fe te r ia  o r 
superm arket d ie t ,  p ro v id in g  an assortm en t o f h ig h ly  p a la ta b le  , 
c a lo r i c a l l y - r i c h  foods was used t o  produce th e  d ie ta ry  o b e s ity  in  th e  
r a ts  used in  th e  s tu d ie s  d e s c rib e d  h e re . The v a r ie d  p a la ta b le  d ie t  
used was based upon th e  s o r t  o f foods used by S c la fa n i and S p rin g e r 
(1 9 7 6 ). T h is  model was cons ide red  th e  most a p p ro p r ia te  f o r  th e  
s tu d ie s  because i t  seemed to  be th e  most re p re s e n ta t iv e  m ir r o r  o f the  
hixnan c o n d it io n  o f  s im p le  o b e s ity .  A t p re s e n t, th e  a e t io lo g y  o f most 
human o b e s ity  is  unknown, however th e re  i s  u s u a lly  no ev idence  o f 
endocrine  im balance, n e u ra l d is o rd e r ,  pha rm aco log ica l cause o r
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m e ta b o lic  d y s fu n c t io n . The r a ts  o f fe re d  th e  p a la ta b le  d ie t  appear to  
become obese because they  o v e re a t th e  foods w h ich  they  'e n jo y ' .  The 
r e s t r i c t i v e  h o u s in g  p ro v id e d  by th e  cages, l im i t i n g  th e  amount o f 
e x e rc is e  p o s s ib le ,  may c o n tr ib u te  to  th e  development o f  o b e s ity  (see 
s e c t io n  1 .2 .5  e ) ) ,  S im i la r ly ,  la c k  o f  e x e rc is e  and o v e re a tin g  a re
o f te n  c i te d  as causes o f s im p le  o b e s ity  in  man. The d ie ta ry  obese r a t  
a ls o  e x h ib i t s  some o f th e  c o n d it io n s  a s s o c ia te d  w ith  human o b e s ity ,  
in c lu d in g  m i ld ly  e le v a te d  b lo o d  p re ssu re  (K irb y ,  1 9 8 4 ).
e) E n v ironm en ta l fa c to rs
The l im i t e d  o p p o r tu n ity  f o r  p h y s ic a l a c t i v i t y  p ro v id e d  by norm al 
la b o ra to ry  hous ing  i s  a fa c to r  in  m ost, i f  n o t a l l ,  o b e s ity  m odels. 
T h is  i s  in d ic a te d  by th e  f a c t  th a t  v o lu n ta ry  o r fo rc e d  ru n n in g  
a c t i v i t y  suppresses body w e ig h t a n d /o r body f a t  g a in  in  h y p o th a la m ic , 
d ie ta ry  and g e n e tic  o b e s ity  models (S c la fa n i & R endel, 197 8 ) .
A more unusual env iro nm en ta l m a n ip u la tio n  w h ich has been
re p o r te d  to  promote o v e re a tin g  and o b e s ity  in  th e  r a t  i s
t a i l - p in c h in g  (Rowland & Antelm an, 1 9 7 6 ). T h is  has been proposed as a
model o f " s tre s s - in d u c e d ” e a t in g  (see s e c t io n  1 .2 .2  e) i i ) ) .
f ) G ene tic  o b e s it ie s
Models i n  t h is  c la s s  have been d iv id e d  a c c o rd in g  to  th e  mode o f 
in h e r ita n c e :  s in g le -g e n e  dom inant s t r a in s ,  s in g le -g e n e  re c e s s iv e
s t ra in s  and th e  p o ly g e n ic  in b re d  o r h y b r id  s t r a in s .  Of these th e
s in g le -g e n e  re c e s s iv e  m odels, in  p a r t ic u la r  th e  obese mouse (o b /o b ) ,  
th e  d ia b e t ic  mouse (d b /d b ) and f a t t y  Zucker r a t  ( f a / f a )  have been th e  
most e x te n s iv e ly  s tu d ie d . These g e n e t ic a l ly  obese an im a ls  a l l  have 
severe m e ta b o lic  derangements (S c la fa n i,  1 9 8 4 ). The ob/ob and db /db  
m ice e x h ib i t  severe hype rg lycaem ia  and h y p e rin s u lin a e m ia , w h i ls t  th e  
f a / f a  r a t  shows h y p e r lip id a e m ia . These m e ta b o lic  changes a re  more
severe  and o ccu r to  a g re a te r  e x te n t in  these  an im a l models th a n  i s  
known t o  be th e  case in  th e  human c o n d it io n  o f  o b e s ity ,
g) M isce lla n e o u s
A nove l form  o f o b e s ity  is  t h a t  produced by a v i r a l  in fe c t io n  
(Lyons e t  a l ,  1 9 8 2 ). Mice in fe c te d  w ith  can ine  d is tem per v ir u s  have 
been found  t o  s ig n i f i c a n t l y  in c rea se  t h e i r  body w e ig h t as w e l l  as 
t h e i r  f a t  c e l l  s iz e  and number, compared to  c o n t ro l m ice. The o b e s ity  
was a s s o c ia te d  w ith  reduced b ra in  ca techo lam ine  le v e ls  and th e re fo re  
may re p re s e n t a n o th e r form  o f n e u ra lly -m e d ia te d  o b e s ity .  Another 
unusual form  o f o b e s ity  is  t h a t  w h ich  spon taneous ly  appears in  
in d iv id u a l  la b o ra to ry  an im a ls  f o r  no known reason (S c la fa n i e t  a l ,  
1 9 8 0 ).
In  a d d it io n  t o  th e  m odels a lre a d y  d e s c rib e d , i t  i s  a ls o  p o s s ib le  
to  produce m ixed m odels o f  o b e s ity .  For example, a d d it iv e  e f fe c ts  on 
body w e ig h t can be produced by com bin ing , in  th e  same an im a ls , VMH 
and m id b ra in  le s io n s  o r  m ed ia l hypo tha lam ic  k n ife  c u ts  and 
ovariectcxny (G a le  & S c la fa n i,  1 9 7 7 ). VMS le s io n s  and m ed ia l 
h yp o th a la m ic  k n i fe  c u ts  a ls o  p o te n t ia te  th e  o b e s ity  produced by 
p a la ta b le  d ie ts  (B ray  & Y ork, 197 9 ) .
1 .3  THEORIES OF FEEDING BEHAVIOUR
1 .3 .1  A na tom ica l lo c a t io n  o f  fe e d in g  c o n t ro l s i te s
Many w o rke rs  have conducted expe rim en ts  t o  lo c a te  th e  ana tom ica l 
s i t e ( s )  o f  fe e d in g  r e g u la t io n  in  th e  b ra in .  E a r ly  s tu d ie s  by 
H e th e rin g to n  and Ransom (1 9 4 0 ), u s in g  r a ts ,  showed th a t  d e s tru c t io n  
o f  ,the v e n tro m e d ia l hypothalam us ( VMH) produced hype rphag ia  and 
o b e s ity .  A few y e a rs  la t e r  Anand and B robeck (1951) showed th a t
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damage o f th e  la t e r a l  hypothalam us (LH) caused bo th  r a ts  and c a ts  t o  
s to p  e a t in g .  These e f fe c ts  In  th e  VMS and LG suggested th a t  th e  
hypothalam us co n ta in e d  p r im a ry  c o n tro l areas f o r  both  hunger and 
s a t ie ty  and re s u lte d  In  a tw o -c e n tre  th e o ry  o f re g u la t io n  o f  fo o d  
in ta k e  w ith  th e  VMH be in g  r e fe r r e d  to  as a " s a t ie ty  c e n tre "  and th e  
LH as a " fe e d in g  c e n tre "  b e in g  proposed by S t e l la r  (1 9 5 4 ). Soon 
problem s w i th  th e  a v a i la b le  evidence f o r  th e  tw o -c e n tre  h y p o th e s is  o f  
c o n tro l o f fo o d  in ta k e  appeared. For example, le s io n s  o f  the  la t e r a l  
hypotha lam us, which produced aphag ia , m ig h t a ls o  damage f i b r e  
pathways c o u rs in g  nea rby, such as th e  dopam inerg ic  n lg r o s t r ia t a l  
bund le , and damage to  these  pathways o u ts id e  th e  la t e r a l  hypothalamus 
c o u ld  produce aphagia  (M a rs h a ll e t  a l ,  1 9 7 4 ). I t  became e v id e n t th a t  
th e  e f fe c ts  o f  le s io n s  to  th e  VMH and LH a re  re p ro d u c ib le  w ith  
le s io n s  t o  th e  v e n t r a l n o ra d re n e rg ic  bund le  and th e  dopam inerg ic  
n lg r o s t r ia t a l  system (A h lsko g  & H oebel, 1973; U n g e rs te d t, 1 9 7 1 ). I t  
was a ls o  d is co ve re d  th a t  th e  two 'c e n tre s ' c o n s is te d  la r g e ly  o f 
f ib r e s  o f passage , n o ra d re n e rg ic  i n  th e  VMH and dopam inerg ic  in  th e  
LH (U n g e rs te d t, 1 97 1 ), thus  a t  t h is  tim e  i t  was u n c le a r w hat, i f  any, 
r o le  th e  hypothalam us p la ye d  in  th e  c o n tro l o f fe e d in g . To o b ta in  
more d i r e c t  ev idence on th e  n e u ra l p ro ce ss in g  in v o lv e d  in  fe e d in g , 
th e  a c t i v i t y  o f  s in g le  neurones in  th e  hypothalam us and o th e r  b ra in  
re g io n s  such as th e  amygdala, p re f r o n ta l c o r te x  and s tr ia tu m  was 
ana lysed  ( R o l ls ,  1 9 8 5 ). I t  was found  th a t  a p o p u la tio n  o f  neurones in  
th e  la t e r a l  hypothalam us and s u b s ta n t ia  ln n cm ln a ta  o f th e  monkey 
responded t o  th e  ta s te  a n d /o r s ig h t  o f fo o d  by in c re a s in g  t h e i r  ra te  
o f f i r i n g .  T h is  e f fe c t  was o n ly  seen when th e  an im a ls  were 
fo o d -d e p r iv e d  and th e  c e l ls  no lo n g e r responded when th e  an im a ls  were 
re p le te .  Thus , i t  appears th a t  th e  hypothalam us i s  an area where th e
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response to  e x te rn a l fo o d - re la te d  cues I s  In te g ra te d  w ith  th e  an im a ls  
In n e r s ta te  o f fo o d  d e p r iv a t io n  o r  r e p le t io n .  Such a c e n tre  w ou ld  
m o n ito r  m e ta b o lic  s ta tu s .  T h is  co u ld  be v ia  g lucose re c e p to rs  e i th e r  
w i t h in  th e  hypothalam us I t s e l f  as proposed by Oanura (1976) o r  In  th e  
l i v e r  as suggested by Russek (1 9 8 1 ). I t  has been shown th a t  lo c a l  
a p p l ic a t io n  o f  g lucose d i r e c t ly  on to  th e  VMH and LH, where g lucose 
re c e p to rs  and g lu c o s e -s e n s it iv e  neurones have been dem onstra ted, 
(Oanura e t  a l ,  1 9 6 4 ), Induced In c re ased  neu ro na l f i r i n g  In  th e  VJffl 
and r e c ip r o c a l ly  decreased LH neurona l a c t i v i t y  (Oanura e t  a l ,  1 9 6 7 ). 
Free f a t t y  ac ids  (Oanura, 1976) and amino a c id s  (Panksepp, 197 5) have 
a ls o  been shewn t o  have e f fe c ts  on neu rona l d ischa rge  freq uency  and 
fo o d  In ta k e  re s p e c tiv e ly ,w h e n  a d m in is te re d  lo c a l l y  to  th e  VMH and LH.
The s t im u la to ry  e f fe c t  upon LH neurones o f  e x te rn a l fo o d - re la te d  
cues, which re q u ire  m o d if ic a t io n  by le a rn in g ,  im p lie s  th a t  fo re b ra in  
areas such as th e  in f e r io r  tem pora l v is u a l c o r te x  and th e  amygdala 
a re  a ls o  In v o lv e d  in  th e  c o n tro l o f fe e d in g  b e h a v io u r. T h is  
c o n c lu s io n  i s  c o n s is te n t  w i th  th e  ana tony o f th e  hypothalam us and 
s u b s ta n t ia  in nam ina ta , which re c e iv e  p ro je c t io n s  frcm  l im b ic  
s t ru c tu re s  such as th e  amygdala, which In  tu r n  re c e iv e  p ro je c t io n s  
f ra n  th e  a s s o c ia t io n  c o r te x . The c o n c lu s io n  i s  a ls o  c o n s is te n t w i th  
th e  evidence th a t  dece re b ra te  r a ts  r e ta in  s im p le  c o n t ro ls  o f  fe e d in g , 
b u t do n o t shew normal le a rn in g  about foods ( G r i l l  & N orgren , 197 8 ) .
The im portance o f v is u a l in p u ts  and le a rn in g  t o  fe e d in g  in  
r e la t io n  t o  w h ich some h yp o th a la m ic  neurones respond, is  th a t  an im a ls  
and e s p e c ia l ly  p r im a te s , may e a t many foods every  day and must be 
a b le  to  s e le c t  foods frcm  o th e r s t im u l i ,  as w e l l  as produce th e  
a p p ro p r ia te  p re p a ra t iv e  responses such as s a l iv a t io n  and th e  re le a s e  
o f in s u l in .
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In  a d d it io n  t o  th e  c e n t ra l c o n tro l o f fe e d in g , p o s s ib le
p e r ip h e ra l c o n t r ib u t io n  must a ls o  be co n s id e re d . Many typ e s  o f 
n e g a tiv e  feedback s ig n a ls ,  wh ich l i m i t  fo o d  in ta k e ,  have been
id e n t i f ie d  (D a v is  e t  a l ,  1 9 7 6 ). These in c lu d e  o s n o tic  s ig n a ls ,  
g a s t r ic  d is te n s io n ,  h e p a tic  g lu c o re c e p to r a c t i v i t y  (Russek, 1 9 8 1 ), 
duodenal hormones, chem osp ec ific  a c t i v i t y  and te n s io n  re c e p to r
a c t i v i t y  in  th e  w a l l  o f th e  sm a ll in te s t in e .
1 .3  .2 Chemical t ra n s m it te rs  in v o lv e d  in  th e  re g u la t io n  o f fe e d in g
W ith in  th e  hypothalam us o f  la b o ra to ry  an im a ls , th e  ca techo lam ines 
no ra d re n a lin e (N A ) and dopamine(DA) to g e th e r  w ith  5 -h y d ro x y try p ta m in e  
( 5-HT, s e ro to n in )  have been shown t o  be in v o lv e d  in  th e  r e g u la t io n  o f 
fe e d in g  beh av io u r (L e ib o w itz ,  1982; M orley & L e v in e , 1983 ; H oebel, 
1984; B lu n d e ll ,  1 9 8 5 ). In  human s u b je c ts  th e re  i s  ev idence f r a n  drug  
s tu d ie s  th a t  some o f these same n e u ro tra n s m it te r  substances a re  
in v o lv e d  in  th e  experience  o f hunger and fe e d in g . Amphetamine, a d rug 
w h ich prom otes th e  re le a s e  o f NA and DA, p ro fo u n d ly  reduces hunger 
and d im in is h e s  fo o d  in ta k e  (S ilv e rs to n e  & S tunka rd , 1 9 6 8 ). T h is  
e f fe c t  can be a tte n u a te d , a t  le a s t  in  some s u b je c ts , by th e  NA 
re c e p to r -b lo c k in g  d rug  thymoxamine, su g g e s tin g  th a t  NA may be 
in v o lv e d  in  hunan fe e d in g , as i t  i s  w ith  la b o ra to ry  anim al fe e d in g
(S ilv e rs to n e  & G o o d a ll, 1 9 8 4 ). The pha rm aco log ica l evidence f o r  th e  
r o le  o f 5-HT in  human fe e d in g  is  d e r iv e d  f ra n  th re e  ty p e s  o f  
in v e s t ig a t io n .  F i r s t l y ,  th e  d rug  fe n f lu ra m in e , which has been shewn 
to  a c t on th e  s e ro to n in e rg ic  system by the  re le a s e  o f 5-HT frcm  nerve 
endings and th e  in h ib i t io n  o f  i t s  re -u p ta k e  in t o  th e  neurone 
( G a ra t t in i  & Samanin, 1976; G a r a t t in i ,  Buczko, J o r i  & Samanin, 1975) 
has been shown t o  have a n o re c t ic  a c t i v i t y  (see a ls o  s e c t io n  1 .4 .3  fo r
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d e ta i ls  o f  th e  pharmacology o f fe n f lu ra m in e ) .  However, D ourish  e t  a l
(1985) observed t h a t  th e  5HT^A a g o n is t 8 -h y d ro x y -2 -(  d i- n - p r o p y l amino)
t e t r a l i n  (8-CH-DPAT) induced hype rp hag ia  in  n o n -d e p rive d  r a ts .  T h is
f in d in g  was unexpected, as p re v io u s  s tu d ie s  had suggested th a t  5-HT
a g o n is ts  produced a n o re x ia . F u rth e r in v e s t ig a t io n s  (D o u rish  e t
a l,1 9 8 6 ) showed th a t  th e  e f fe c t  o f 8-CH-DPAT c o u ld  be a b o lis h e d  by
p re tre a tm e n t w ith  th e  5-HT d e p le t in g  agent p -c h i o r ophenyl a la n in e
(PCPA), and t h a t  d i r e c t  in fu s io n  o f  8-CH-DPAT o n to  th e  raphe n u c le i ,
where s o m a to d e n d rit ic  5-HT, . b in d in g  s i t e s  have been id e n t i f ie d ,
1 A
e l i c i t e d  h yp e rp hag ia , (H u tson  e t  a l ,  1 9 8 6 ). These r e s u l t s  in d ic a te  
th a t  8-CH-DPAT causes hype rphag ia  by s t im u la t in g  5-HT
X  A
s o m a to d e n d rit ic  a u to re c e p to rs  and d e c re a s in g  5-HT fu n c t io n .  The
p u ta t iv e  a g o n is t KU2496 9 induces a n o re x ia , which i s  n o t
a b o lis h e d  by p re tre a tm e n t w ith  PCPA (K e n n e tt e t  a l ,  1 9 8 7 ), su g g e s tin g
th a t  5-HT a g o n is ts  induce a n o re x ia  a t  a p o s ts y n a p tic  5-HT re c e p to r .  
1 B
Second ly, a d d it io n a l evidence f o r  th e  r o le  o f 5-HT in  th e  
c o n t ro l o f fe e d in g  comes frcm  th e  o b s e rv a tio n  th a t  d ie ta ry  
try p to p h a n , the  amino a c id  p re c u rs o r o f 5-HT w h ich has been shown to  
In flu e n c e  th e  le v e ls  o f  5-HT in  th e  r a t  b ra in  (F e rn s trcm , 198 1 ), has 
been shewn t o  cause a d o s e -re la te d  su p p re ss io n  o f  t o t a l  c a lo r ie  
In ta k e  in  h e a lth y  human v o lu n te e rs  (S ilv e rs to n e  & G o o d a ll, 1 9 8 4 ).
T h ir d ly ,  cyp ro h e p ta d in e , an a n t ih is ta m in ic  compound w ith  p o te n t 
a n t is e ro to n in e r g ic  p ro p e r t ie s ,  has been shown to  in c re a se  hunger 
r a t in g ,  fo o d  in ta k e  and w e ig h t g a in  in  normal s u b je c ts  (S ilv e rs to n e  & 
S c h u y le r, 197 5) .
O ther t ra n s m it te r s  w h ich may be in v o lv e d  in  th e  r e g u la t io n  o f 
fe e d in g  in c lu d e  GABA (gamma amino b u ty r ic  a c id ) ,  o p io id  p e p tid e s , CCK 
( c h o le c y s to k in in )  and bombesin. When in je c te d  d i r e c t ly  in to  th e  VMH
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o f r a ts ,  GAB A in c re a se d  fo o d  in ta k e  bu t i n  th e  LH i t  gave v a r ia b le  
e f fe c ts ,  w h ile  i t  suppressed fe e d in g  when a p p lie d  t o  th e  dopam inerg ic  
neurones o f  th e  s u b s ta n t ia  n ig ra  ( K e l ly  e t  a l ,  1 9 7 7 ). The GABA 
a n ta g o n is t b ic u c u l l in e  m e th io d id e , when in je c te d  d i r e c t ly  in to  th e  
LH, in c re a se d  in g e s t io n  o f  sweetened m i lk  i n  r a ts  ( K e l ly  e t  a l ,  
197 7 ), su g g e s tin g  t h a t  GABA may i n h ib i t  fe e d in g  in  th e  LH.
There i s  s u b s ta n t ia l evidence f o r  th e  r o le  o f endogenous o p io id  
p e p tid e s  in  th e  r e g u la t io n  o f  fe e d in g  (M o rle y  e t  a l ,  1 9 8 4 ). In  th e  
r a t  a c t iv a t io n  o f  both  th e  dynorphinr-kappa o p io id  re c e p to r  (M orle y  & 
L e v in e , 1981) and th e  b e ta -e n d o rp h in -e p s ilo n  o p io id  re c e p to r  (M orle y  
& L e v in e , 1982a) appear to  enhance fe e d in g , most p ro b a b ly  a c t in g  in  
d i f f e r e n t  a reas o f  th e  c e n tra l nervous system . I t  a ls o  appears th a t  
r a ts  may have a mu a n o re c t ic  system (M o rle y  e t a l ,  1982b; Sanger & 
M cCarthy, 1 9 8 0 ). Too few s tu d ie s  have been undertaken  to  d e fin e  
w hether th e  d e lta  o r sigma re c e p to r  systems a re  a ls o  in v o lv e d  in  
fe e d in g  responses. I t  has become apparen t th a t  a g re a t dea l o f 
spec ies  d iv e r s i t y  e x is ts  i n  th e  fe e d in g  responses t o  o p ia te s , m aking 
i t  d i f f i c u l t  to  e x tra p o la te  r e s u l t s  o b ta in e d  in  r a ts  t o  o th e r  
s p e c ie s . In  humans, s tu d ie s  w ith  naloxone suggest an o p io id - s e n s it iv e  
fe e d in g  system , which i s  p o s s ib ly  s p e c i f i c a l ly  in v o lv e d  in  th e  
r e g u la t io n  o f  ca rboh yd ra te  In ta k e  (M orley  & L e v in e , 1982a; M orley  e t 
a l ,  1 9 8 4 ). S p ieg e l e t  a l  (1987) showed a s ig n i f ic a n t  re d u c t io n  in  
meal s iz e  w ith  n a ltre x o n e  d u r in g  a s tudy  in  w h ich  th e  dose was 
in c re a se d  frcm  25-200mg/day over 4 days. However, Malcolm  e t  a l 
(1985) found  no s ig n i f ic a n t  e f fe c t  on w e ig h t lo s s  w ith  8 weeks 
tre a tm e n t w ith  n a ltre x o n e  200mg/day. B u to rphano l t a r t r a t e  (20pg /kg ) 
was found  t o  decrease fe e d in g  in  humans and t h is  e f f e c t  was p a r t ly  
re ve rse d  by naloxone a t  a dose (6 p g /kg ) which w ou ld  o n ly  be expected
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to  an tago n ise  mu re c e p to rs  (M o rle y  e t  a l ,  1 9 8 4 ). These data  suggest 
th a t  In  humans th e re  may e x is t  a mu a n o re c t ic  system .
CCK o r  th e  s y n th e t ic  o c ta p e p tld e  CCK-8 have been shown to  
i n h ib i t  fo o d  in ta k e  in  r a ts  w ith o u t  p ro d u c in g  m a la ise  (G ibbs e t  a l ,  
1 9 7 3 ). I t  has been suggested th a t  CCK-8 may i n h ib i t  fo o d  in ta k e  by 
a l t e r in g  th e  o rosensory  o r hed on ic  in f lu e n c e  ove r fe e d in g  in  r a ts  
( W a ld b i l l lg  & O’ C a llaghan , 1980; B a rtn e ss  & W a ld b i l l lg ,  1 9 8 4 ). A 
s tu d y  in  human v o lu n te e rs  by S tu rdevan t & Goetz (1976) showed th a t  
CCK may produce e i th e r  s t im u la t io n  o r  in h ib i t io n  o f  fo o d  in ta k e , 
depending on th e  dose and d u ra t io n  o f a d m in is t ra t io n .
Banbesin (by  in t r a p e r i to n e a l in je c t io n )  has been shown to  
suppress fo o d  in ta k e  in  th e  r a t  in  a dose-dependent manner. I t  
sho rtened  th e  d u ra t io n  o f  th e  meal bu t d id  n o t de lay  o r p re ve n t onse t 
o f e a t in g ,  thus  i t  was suggested as a p u ta t iv e  s a t ie t y  s ig n a l ( Gibbs 
e t  a l ,  1 9 7 9 ).
There i s  ev idence th a t  fo o d  co m p o s itio n  may have a d i r e c t  e f fe c t  
on b ra in  amine le v e ls  and a feedback c o n t ro l system is  th o u g h t to  
e x is t  (Wurtman & Wurtman,1986 ;Wurtman, 1 9 8 7 ). Wurtman proposed th a t  a 
c a rb o h y d ra te - r ic h  meal has th e  e f fe c t  o f re d u c in g  plasma 
c o n c e n tra t io n s  o f  most la rg e  n e u tra l amino a c id s  ( LNAA) w ith  th e  
e x c e p tio n  o f  try p to p h a n  (TRP). T h e re fo re  th e  r a t i o  o f TRP to  o th e r 
LNAA in  th e  plasma is  in c re a s e d . TRP and th e  o th e r  LNAA share a 
common t ra n s p o r t  system across th e  b lo o d -b ra in  b a r r ie r  and th e re fo re  
a r e la t iv e  in c re a s e  in  th e  c o n c e n tra t io n  o f  TRP in  plasma w i l l  
f a c i l i t a t e  th e  t ra n s p o r t  o f  TRP in to  th e  b ra in .  TRP i s  a p re c u rs o r o f 
5-HT and th e  ra te  o f e n try  o f TRP in to  th e  b ra in  i s  th e  r a t e - l im i t in g  
s te p  in  b ra in  5-HT s y n th e s is .  T h e re fo re  an in c re a s e  in  th e  
c o n c e n tra t io n  o f TRP (and consequen tly  o f 5-HT) in  th e  b ra in  w ou ld  be
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expected t o  o c c u r. A p r o te in - r ic h  meal has th e  o p p o s ite  e f fe c t  on th e  
r a t i o  o f plasma TRP to  o th e r  LNAA. I t  has been observed th a t  p r io r  
in g e s t io n  o f  ca rb o h yd ra te  reduces subsequent ca rboh yd ra te  in ta k e  in  
r a ts  (Wurtman e t  a l ,  1 9 8 3 ), thus m a in ta in in g  a f a i r l y  co n s ta n t r a t i o  
o f ca rb o h yd ra te  to  p r o te in  in  th e  d ie t  (T h e a ll e t  a l ,  1 98 4 ). S im ila r  
mechanisms may o pe ra te  to  govern m a c ro n u tr ie n t cho ice  i n  hunans, as 
i t  appears t h a t  th e  p ro te in r-c a rb o h y d ra te  r a t i o  o f food  in ta k e  v a r ie s  
o n ly  w i th in  a v e ry  narrow  range frcm  day to  day (Wurtman e t  a l ,  1981; 
Wurtman e t  a l ,  1 9 8 5 ). Thus i t  has been proposed t h a t  s e ro to n in e rg ic  
drugs such as fe n f lu ra m in e  may a c t by " fo o l in g  th e  b ra in "  in to  
t h in k in g  a h ig h  ca rboh yd ra te  meal has been e a ten , such th a t  a 
re d u c t io n  in  ca rb o h yd ra te  in ta k e  a t  th e  n e x t meal w i l l  r e s u l t  (see 
s e c t io n  1 .4 .3  fo r  d e ta i ls  o f  th e  pharm acology o f fe n f lu ra m in e ) .
1 .3  .3 M e d ia to rs  o f energy balance
The b ra in  i s  n o t a s to ra ge  s i t e  f o r  f a t ,  p ro te in  o r  
ca rb o h y d ra te . T h is  suggests t h a t  i t  re g u la te s  th e  amount o f energy in  
th e  body by m o n ito r in g  th e  c i r c u la t in g  le v e l  o f seme m e d ia to r(s )  
between th e  b ra in  and energy s to ra ge  s i t e s .  Such a m e d ia to r shou ld  be 
shown t o  v a ry  w ith  th e  n u t r i t io n a l  s ta tu s  o f  th e  in d iv id u a l .  
S econdly, m a n ip u la tio n s  o f  th e  le v e l  o f th e  m e d ia to r, e i th e r  d i r e c t ly  
in  th e  b ra in  o r  i n  th e  c i r c u la t io n ,  shou ld  induce changes in  fe e d in g  
and energy e x p e n d itu re . A number o f such substances have been 
suggested as m e d ia to rs  o f  energy ba lance .
a) G lucose and th e  g lu c o s ta t ic  th e o ry  
The g lu c o s ta t ic  th e o ry  o f energy re g u la t io n ,  f i r s t  p o s tu la te d  by 
Mayer (1 9 5 3 ), co n s ide red  g lucose as th e  m e d ia to r o f energy ba lance . 
A cco rd ing  t o  t h i s  th e o ry , th e re  a re  g lu c o re c e p to rs  w ith  s p e c ia l
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a f f i n i t y  f o r  g lucose in  th e  VMH and t h e i r  u t i l i s a t i o n  o f  g lucose 
v a r ie s  d i r e c t ly  w ith  th e  le v e l  o f g lucose in  th e  c i r c u la t io n .  
In c re a se d  u t i l i s a t i o n  by th e  g lu c o re c e p to rs  in  th e  VMH w ou ld  a c t iv a te  
mechanisms w h ich  in h ib i t  fe e d in g , .w h i le  decreased u t i l i s a t i o n  
produces th e  o p p o s ite  e f fe c t  on fe e d in g . The e x is te n ce  o f 
g lu c o re c e p to rs  and g lu c o s e n s itv e  neurones in  bo th  th e  VMH and LH o f 
r a ts  has been dem onstra ted (Oanura e t  a l ,  1 9 6 4 ). Duodenal and h e p a tic  
p o r ta l  in fu s io n s  o f  g lucose have been found  to  be e f fe c t iv e  in  
d e c re a s in g  fo o d  in ta k e  in  hungry r a ts  (N o v in  e t  a l ,  1974) and 
e x p e r im e n ta lly - In d u c e d  c e l lu la r  g lu c o p r lv a t io n  u s in g  th e  g lucose 
analogue 2 -deo xy-D -g lucose  has been re p o r te d  to  r e s u l t  in  Inc re ased  
fo o d  In ta k e  in  r a ts  and monkeys (S m ith  & E p s te in , 1 9 6 9 ). D ire c t  
im p la n ts  o f  g o ld - th io g lu c o s e  (GTG) ano the r g lu c o p r lv a t io n  agen t, in  
th e  presence o f in s u l in ,  induces hype rphag ia  and o b e s ity  in  r a ts  
(S m ith  & B r i t t ,  1 9 7 1 ).
b) L ip id s  and th e  l i p o s t a t i c  th e o ry  
Kennedy p o s tu la te d  th e  l i p o s t a t i c  th e o ry  fo r  energy balance in  
1953 . He proposed th a t  in fo rm a tio n  r e f le c t in g  th e  s iz e  o f th e  b o d y 's  
f a t  s to re s  i s  conveyed by m e ta b o lite s  frcm  th e  f a t  s to re s  t o  th e  
b ra in .  The b ra in  w ou ld  th e n  m a in ta in  body w e ig h t a t  a 's e t  p o in t '  on 
th e  b a s is  o f  t h is  in fo rm a tio n .  D isp lacem ent o f  body w e ig h t beyond th e  
's e t  p o in t '  w ould induce changes in  th e  in te n s i t y  o f th e  s ig n a l 
(m e ta b o li te )  t o  th e  b ra in  w h ich  co u ld  evoke a l te r a t io n s  in  th e  
processes i n  th e  re g u la to ry  mechanism to  re s to re  normal body w e ig h t. 
The mechanism f o r  t h is  c o u ld  be th e  r a te  o f l i p o l y s is  and 
t r ig ly c e r id e  s y n th e s is  by r e - e s t e r i f ic a t io n  o f  lo c a l l y  a v a ila b le  f r e e  
f a t t y  ac id s  ( FFA) o r  e s t e r i f ic a t io n  o f  FFA frcm  o th e r sources w h ich  
have been fo u n d  to  be d i r e c t ly  p ro p o r t io n a l to  th e  s iz e  o f a d ip o cy te s
42
and hence to  th e  s iz e  o f f a t  depots (S m ith , 1970; O tto  e t  a l ,  1 9 7 6 ). 
A v a r ie t y  o f m e ta b o lite s  frcm  adipose t is s u e  have been proposed as 
c a n d id a te s  f o r  th e  p e r ip h e ra l s ig n a l.  W alker and Remley (1970) 
proposed FFA. Another ca n d id a te  is  g ly c e ro l.  Many in v e s t ig a to rs  have 
observed re d u c t io n s  in  fo o d  in ta k e  induced by e ith e r  in t r a -  
p e r ito n e a l o r subcutaneous a d m in is t ra t io n  o f  g ly c e ro l (R a co tta  & 
Russek, 1 9 7 7 ). W ir ts h a f te r  and D avis (1977) in  t h e i r  experim ents 
in v o lv in g  lo n g - te rm  a d m in is t ra t io n  o f g ly c e ro l in  r a ts ,  produced 
e f fe c ts  s im i la r  to  those  observed a f te r  LH le s io n s .  They suggested
th a t  th e  e f fe c t  o f lo n g -te rm  tre a tm e n t w ith  g ly c e ro l was r e - s e t t in g
th e  body w e ig h t 's e t  p o in t '  a t  a lc w e r le v e l .
c) Amino a c id s  and th e  a m in o s ta tic  th e o ry
The dependence o f fo o d  in ta k e  in  e xp e rim e n ta l an im a ls  on th e  
q u a n t i ty  o f p ro te in s  and th e  q u a l i t y  o f p ro te in ,  th a t  i s ,  the  amino 
a c id  ba lance o f th e  p ro te in ,  in  th e  d ie t  (H a rp e r, 1976) has le d  to  
s p e c u la t io n s  t h a t  amino a c id s  a ls o  p la y  a r o le  in  th e  c o n t ro l o f food  
in ta k e  and hence in  energy ba lance .
Harper (1976) showed th a t  a d ie t  d e f ic ie n t  in  h is t id in e  induced 
a spontaneous decrease in  fo o d  in ta k e  in  r a ts .  However i t  has been 
fo u n d  t h a t  th e  supp re ss ion  o f  food  in ta k e  induced by m a n ip u la tin g  
d ie ta r y  p r o te in  c o n te n t i s  t r a n s i t o r y  (Anderson e t  a l ,  1 9 6 8 ), showing 
a d a p ta tio n  t o  a l te r a t io n s  w i t h in  a few days. The occurrence o f 
a d a p ta tio n , le a d in g  t o  r e s to r a t io n  o f norm al le v e ls  o f  fo o d  (and 
energy) in ta k e ,  suggests t h a t  the  respons iveness t o  a l te r a t io n s  in  
th e  p r o te in  c o n te n t o f th e  d ie t  i s  n o t a b a s ic  component o f 
re g u la t io n  o f  fo o d  in ta k e  and energy ba lance , bu t m ig h t be a 
component o f a f in e - tu n in g  mechanism. The e f fe c t  o f  d ie ta ry  
try p to p h a n  on fo o d  in ta k e  has been d iscussed  in  s e c t io n  1 .3 .2 .
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d) The th e rm o s ta t ic  th e o ry
The th e rm o s ta t ic  th e o ry  fo r  th e  re g u la t io n  o f  energy balance i n
a n im a ls  was proposed by Brobeck (1948) on th e  b a s is  o f  r e s u lt s  o f
s tu d ie s  t o  in v e s t ig a te  th e  dependence o f fo o d  in ta k e  on e n v iro n m e n ta l
te m p e ra tu re . The th e o ry  p o s tu la te d  th a t  fo o d  In ta k e  i s  re g u la te d  by
h e a t p ro d u c tio n , as r e f le c te d  by changes in  body tem p e ra tu re . Food
in ta k e  in  r a ts  has been shown to  be dependent upon e n v iro n m e n ta l
ote m p e ra tu re  c o n d it io n s  (H a m ilto n , 1 9 6 3 ). A c o ld  environm ent (8 C)
oin c re a s in g  and a h o t environm ent (35 C) d e c re a s in g  fo o d  in ta k e
or e la t iv e  to  th e  normal in ta k e  a t  24 C.*
I t  i s  known th a t  o v e r n u t r i t io n  in  th e  r a t  r e s u l t s  in  brown 
ad ipose  t is s u e  h y p e rp la s ia  and in c re a se d  therm ogenesis  (see s e c t io n  
1 . 2 . 2 ) .  The th e rm o s ta t ic  th e o ry  proposes th a t  th e  in c re a s e d  
therm ogenesis  w ou ld  in  tu r n  cause a re d u c t io n  in  fo o d  in ta k e .
1 .4  REVIEW OF THE ANORECTIC DRUGS USED
1 .4 .1  General in t r o d u c t io n
Three a n o re c t ic  drugs were chosen f o r  these s tu d ie s ;  
am phetam ine(d ), fe n f lu ra m in e ( d l) , and m a z in d o l. Amphetamine was used 
because i t  i s  th e  c la s s ic  a n o re c t ic  agent a g a in s t w h ich  o th e r newer 
compounds a re  f re q u e n t ly  compared. I t  i s  th o u g h t to  a c t p re d o m in a n tly  
by dopam inerg ic  and p o s s ib ly  n o ra d re n e rg ic  pathways (see belcw ) . 
F en flu ra m ine  was s e le c te d  because i t  i s  w id e ly  used c l i n i c a l l y  in  th e  
tre a tm e n t o f o b e s ity  in  th e  U .K ., and u n lik e  most o th e r a n o re c t ic  
agen ts  i t  i s  n o n -s t im u la n t.  I t  appears t o  a c t v ia  s e ro to n in e rg ic  
mechanisms (see b e lo w ). M azindol was s e le c te d  as a s t im u la n t  
a n o re c t ic  agen t w h ich  i s  used c l i n i c a l l y .  I t  i s ,  l i k e  amphetamine,
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th o u g h t to  a c t  v ia  dopam inerg ic  pathways (see b e lo w ). I t  i s  
s t r u c t u r a l l y  u n re la te d  t o  th e  phe n y le th y la m in e  a n o re c t ic  agen ts  (see 
F ig . l )
1 .4 .2  Amphetamine
Amphetamine was f i r s t  s y n th e s ize d  in  1887 by Edeleano, bu t no 
ph a rm a co lo g ica l s tu d ie s  were re p o r te d  u n t i l  1910 when B a rge r and Dale 
d e s c rib e d  some o f the  sym pathom im etic p ro p e r t ie s .  I t s  p re sso r e f fe c ts  
and dryness o f  mouth ( sym pathom im etic e f fe c ts )  were no ted  in  man by 
P inness e t  a l  (1 9 3 0 ). The c e n tra l s t im u la n t  e f fe c ts  were f i r s t  used 
c l i n i c a l l y  by P rin zm e ta l and Bloom berg (193 5) t o  t r e a t  n a rc o le p s y .
One o f th e  f i r s t  r e p o r ts  o f  th e  e f f ic a c y  o f amphetamine in  th e  
tre a tm e n t o f o b e s ity  was by Lesses and Myerson (1 9 3 8 ), however, 
subsequent s tu d ie s  w ith  obese p a t ie n ts  shewed a reduced r a te  o f 
w e ig h t lo s s  due to  to le ra n c e  (A ld e sb u rg  & Meyer, 1949) . The problem  
o f c e n t ra l s t im u la t io n  as a s id e - e f fe c t  was a ls o  no ted  in  t h is  s tu d y . 
T h e re fo re , a lth o u g h  amphetamine i s  regarded  as th e  p ro to ty p e  
a n o re c t ic  agen t a g a in s t w h ich  o th e r p o te n t ia l  a n o re c t ic  drugs a re  
e v a lu a te d  i t  i s  r a r e ly  used c l i n i c a l l y  fo r  th e  tre a tm e n t o f o b e s ity ,  
due to  th e  c e n t ra l nervous system s t im u la n t  e f fe c ts  and th e  abuse 
p o te n t ia l .  A lso  i t s  s a fe ty ,  b e a rin g  in  m ind i t s  c a rd io v a s c u la r  
s t im u la n t  a c t io n ,  is  q u e s tio n a b le  and i t  was re p o r te d  in  a re c e n t 
s tudy  (C arson e t  a l ,  1987) t o  have been c o n t r ib u to r y  to  m yo ca rd ia l 
in f a r c t io n  in  d rug  abusers . A w o rk in g  p a r ty  o f th e  B r i t i s h  M ed ica l 
A s s o c ia t io n  in  196 8 recommended th a t  amphetamine and th e  
am phe tam in e -like  compounds shou ld  o n ly  be used where th e re  was no 
a l te r n a t iv e  tre a tm e n t and shou ld  be avo ided  in  th e  tre a tm e n t o f 
o b e s ity .
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Amphetamine has been shewn t o  cause a re le a s e  o f ca techo lam ines 
(n o ra d re n a lin e  and dopamine) f ra n  nerve te rm in a ls  I n  th e  b ra in  and to  
b lo c k  ca techo lam ine  re -u p ta k e  (C a rls s o n , 1 9 7 0 ). There I s  c o n s id e ra b le  
evidence th a t  amphetamine e x e r ts  I t s  a n o re c t ic  a c t io n  p r im a r i ly  by 
In te r a c t io n  w ith  c a te c h o la m in e -c o n ta in in g  neurones In  th e  b ra in  (see 
s e c t io n  1 .3 .2 ,  Theories  o f Feeding B e h a v io u r) .  S tu d ie s  have shown 
t h a t  s e le c t iv e  e le c t r o l y t i c  le s io n s  p la ce d  In  th e  v e n t r a l 
n o ra d re n e rg ic  bund le  o f th e  r a t  m arked ly  d im in is h e d  th e  a n o re c t ic  
a c t io n  o f  amphetamine (A h lskog , 1974) . A lso , p re - tre a tm e n t o f r a ts  
w ith  des lp ram lne  to  p ro te c t  n o ra d re n e rg ic  te rm in a ls  frcm  th e  
n e u ro to x in , 6 -hydroxydopam ine, p reven ted  th e  a t te n u a t io n  o f  a n o re c t ic  
po tency o f amphetamine by th e  n e u ro to x in  ( G a r a t t in i  e t  a l ,  1 9 7 8 ). 
These o b s e rv a tio n s  suggest th e  invo lvem en t o f n o ra d re n e rg ic  systems 
in  th e  am phetam ine-induced supp re ss ion  o f  fe e d in g .
In  a d d it io n  to  in te r a c t io n s  w ith  c e n t ra l n e u ro tra n s m it te rs ,  
amphetamine a ls o  induces a l te r a t io n s  in  p e r ip h e ra l m etabolism  o f 
l i p i d s .  I t  has been re p o r te d  t h a t  acu te  doses o f amphetamine in c re a s e  
plasma f r e e  f a t t y  a c id  le v e ls  in  fe d  an im a ls  (F a ss in a , 1964 & 1966; 
Von H e ro ld  e t  a l ,  196 5) and in  man (P in te r  & P a tte e , 196 8) . Hcwever, 
th e  mode o f a c t io n  o f  amphetamine in  caus ing  w e ig h t lo s s  appears to  
be a lm ost e n t i r e ly  a c e n tra lly -m e d ia te d  re d u c t io n  in  fo o d  In ta k e , 
w ith  o n ly  a sm a ll e f fe c t  on m e ta b o lic  r a te  (H a r r is  e t  a l ,  1 9 4 7 ). In  
th e  r a t  and in  man to le ra n c e  r a p id ly  deve lops to  th e  a n o re c t ic  e f f e c t  
o f amphetamine (Bcwman & Rand, 1 9 8 0 ). In  d o u b le -b lin d  human s tu d ie s  
amphetamine has been shown to  produce s ig n i f ic a n t  supp re ss ion  o f  
a p p e t ite ,  hunger r a t in g  and body w e ig h t (De F e lic e  e t  a l ,  1 97 3 ), 
w h ile  in  r a t s  m ic ro s tru c tu ra l a n a ly s is  o f  fe e d in g  beh av io u r showed 
t h a t  amphetamine m arked ly  reduced th e  la te n c y  to  th e  I n i t i a t i o n  o f
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e a t in g  and a c tu a l ly  caused r a ts  t o  m arked ly  in c re a se  th e  r a te  o f 
consum ption, w h i ls t  d e c rea s ing  bo th  s iz e  and d u ra t io n  o f  each e a t in g  
bou t (B lu n d e l l & Latham, 1 97 8 ). Thus a g a in  s u g g e s tin g  th e  drug 
p ro b a b ly  a c ts  by supp re ss ing  hunger.
In  d e v e lo p in g  newer a n o re c t ic  d rugs , th e  aim has been to  r e ta in  
th e  a n o re c t ic  p ro p e r t ie s  o f  amphetamine w h i ls t  a b o lis h in g  th e  c e n t ra l 
s t im u la n t  e f fe c ts ,  th e  development o f to le ra n c e  and th e  
c a rd io v a s c u la r  s id e -e f fe c ts ,  o f w h ich  th e  most im p o rta n t i s  an 
in c re a se  in  b lo o d  p re ssu re  due to  both  in c re a se d  h e a r t  r a te  and 
in c re a se d  p e r ip h e ra l v a s c u la r  tone (K a la n t,  1 9 7 5 ).
1 .4 .3  F e n flu ra m in e '
F e n flu ra m in e  i s  an a n t i- o b e s it y  agent s t r u c t u r a l l y  r e la te d  to  
amphetamine (see F ig . l )  whose a n o re c t ic  a c t i v i t y  has been w e l l  
e s ta b lis h e d  in  an im a l s tu d ie s  (Le Douarec e t  a l  1966; A lp h in  & Ward, 
196 9) . I t s  e f f ic a c y  in  th e  tre a tm e n t o f human o b e s ity  has a ls o  been 
w e l l  documented (Duncan e t  a l ,  1963; Munro e t  a l ,  1966; S ilv e rs to n e  
e t  a l ,  197 0 ) .  U n lik e  amphetamine, fe n f lu ra m in e  does n o t produce 
c e n t ra l s t im u la t io n ,  in  f a c t  i t  tends t o  be s l i g h t l y  s e d a tiv e  
(C raddock, 1 9 7 8 ). I t  has been suggested th a t  th e  fo o d  in ta k e  
supp ressan t e f f e c t  o f fe n f lu ra m in e  i s  p r im a r i ly  m edia ted by c e n t ra l 
s e ro to n in e rg ic  mechanisms (Samanin, 1 9 8 3 ), see s e c t io n  1 .3 .2 .  
Evidence f o r  t h is  th e o ry  in c lu d e s  s tu d ie s  w h ich show th a t  th e  
a n o re c t ic  e f fe c ts  o f  fe n f lu ra m in e  a re  a b o lis h e d  by 5-HT a n ta g o n is ts  
such as m e th e rg o lin e  (Jesperson  & S ch e e l-K ru g e r, 1973) o r  m e thyse rg ide  
(B lu n d e l l & Lesham, 1 9 7 3 ). Les ions  o f th e  m id b ra in  raphe n u c le i ,  
w h ich s e le c t iv e ly  d e p le te  5-HT, a ls o  a b o lis h  th e  e f fe c t  o f
fe n f lu ra m in e  (Samanin e t  a l ,  1 9 7 2 ). A s tudy  by Wong (1987) proposed
I & Reid
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in vo lvem en t o f th e  5_HT1A subtype re c e p to r  i n  th e  c o n t ro l o f fe e d in g , 
h a v in g  shewn t h a t  fe n f lu ra m in e  a n tago n ise s  th e  s t im u la t io n  o f  fo o d  
in ta k e  induced  by th e  p u ta t iv e  5-HT a g o n is t ,  is a p iro n e  in
X  A
n o n -fa s te d  r a ts .
There i s  ev idence su g g e s tin g  th a t  fe n f lu ra m in e  may a ls o  owe some 
o f i t s  a n t i - o b e s i t y  a c t io n  t o  m e ta b o lic  e f fe c ts  w h ich  a id  th e  
u t i l i s a t i o n  o f  energy s u b s tra te s . I t  has been shown, l i k e  
amphetamine, to  cause an in c re a se  in  le v e ls  o f  f r e e  f a t t y  a c id s , 
g ly c e ro l and ketone bod ies in  humans, su g g e s tin g  enhancement o f  f a t  
m o b il iz a t io n  and c a ta b o lism  by th e  d rug  (Pawan, 1969) . B iz z i ,  
V enoron i and G a r a t t in i  (1973) shewed a decreased a b s o rp tio n  o f  
t r ig ly c e r id e  a f t e r  an o l iv e  o i l  lo a d  in  r a ts  fo l lo w in g  tre a tm e n t w ith  
fe n f lu ra m in e . T h is  in h ib i t o r y  a c t io n  on in t e s t in a l  a b s o rp tio n  o f  
t r ig ly c e r id e s  may p a r t ly  e x p la in  th e  a n t i- h y p e r t r ig ly c e r id a e m ic  
e f fe c t  o f  fe n f lu ra m in e  and has in  t u r n  been a t t r ib u te d  to  in h ib i t io n  
o f p a n c re a tic  l ip a s e  (Danneburg & Ward, 1 97 1 ), monoacyl g ly c e ry l  
a c y ltra n s fe ra s e  (Danneburg e t  a l ,  1973) and in t e s t in a l  m o t i l i t y  
( B iz z i  e t  a l ,  1 9 7 3 ).
The re d u c t io n  in  in ta k e  o f a g lucose s o lu t io n  by rhesus monkeys, 
produced by fe n f lu ra m in e  (2m g/kg in t r a g a s t r ic )  has been shown t o  be 
s t ro n g ly  r e la te d  to  th e  degree o f in h ib i t io n  o f  g a s t r ic  em pty ing  
observed (R ob inson e t  a l ,  1 9 8 6 ). Thus, th e  r e s u l t s  s u p p o rt an 
im p o rta n t r o le  f o r  th e  in h ib i t io n  o f  g a s t r ic  em pty ing  in  fe n f lu ra m in e  
- in d u c e d  su p p re s s io n  o f fe e d in g .
The f i r s t  w o rk  su g g e s tin g  th a t  fe n f lu ra m in e  m ig h t a l t e r  g lucose 
m etabo lism  came f r a n  the  s tudy  by von H e ro ld  e t  a l  (1 9 6 5 ), who shewed 
low ered  b lo o d  g lucose  le v e ls  in  r a ts  t re a te d  w ith  fe n f lu ra m in e . The 
a b i l i t y *  o f fe n f lu ra m in e  to  in c re a se  g lucose u t i l i s a t i o n  was
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dem onstra ted ' i n  v iv o ' by B u t t e r f ie ld  and W hichelcw (1968) u s in g  th e  
fo rea rm  p e r fu s io n  tech n iq u e  in  v o lu n te e rs .  K irb y  and T u rne r (1975) 
shewed th a t  fe n f lu ra m in e  in c re a se d  glucose uptake in t o  r a t  is o la te d  
s k e le ta l m uscle, th e  e f fe c t  be ing  in s u lin ^d e p e n d e n t and d o s e -re la te d . 
T h is  response was an tago n ise d  by m e thyse rg ide . The hypog lycaem ic 
e f fe c t  o f fe n f lu ra m in e  makes i t  p a r t ic u la r ly  s u ita b le  f o r  th e  
tre a tm e n t o f  th e  obese n o n -in s u lin -d e p e n d e n t d ia b e t ic .
A n a ly s is  o f  th e  m ic ro s tru c tu re  o f fe e d in g  in  r a t s  re v e a le d  th a t  
fe n f lu ra m in e  reduced th e  ra te  o f e a t in g  and induced p rem atu re  
te rm in a t io n  o f  m eals, su g g e s tin g  th a t  the  drug  p ro b a b ly  enhances 
s a t ie t y  ( B lu n d e l l e t  a l  197 9 ) .  In  an im a ls  g ive n  h ig h - p r o te in  and 
lo w -p ro te in  d ie ts  i t  has been shewn t h a t  fe n f lu ra m in e  decreases 
consum ption o f  lo w -p ro te .in /h ig h -c a rb o h y d ra te  d ie t  and t o t a l  food  
in ta k e  w h i ls t  s p a r in g  p r o te in  cohsum ption (Wurtman & Wurtman, 1 9 7 7 ). 
T h is  p ro te in -s p a r in g  re d u c t io n  in  fo o d  in ta k e  has a ls o  been 
shewn in  human s u b je c ts  (Wurtman & Wurtman, 1 9 8 1 ). The th e o ry  
proposed t o  e x p la in  th e  p ro te in -s p a  r in g  e f fe c t  o f  fe n f lu ra m in e  
p o s tu la te s  t h a t  th e  a b i l i t y  o f fe n f lu ra m in e  to  suppress ca rboh yd ra te  
in ta k e  s e le c t iv e ly  and t o  s u s ta in  p r o te in  in ta k e  p ro b a b ly  re la te s  t o  
th e  s im i la r i t y  between i t s  neurochem ica l e f fe c ts  and those  o f d ie ta ry  
ca rb o h yd ra te (se e  s e c t io n  1 .3 .2 )  I t  i s  proposed th a t  th e  enhancement 
i n  s e ro to n in e rg lc  tra n s m is s io n  th a t  fo l lo w s  a d m in is t ra t io n  o f  
fe n f lu ra m in e  conveys to  th e  b ra in  th e  fa ls e  s ig n a l th a t  ca rboh yd ra te  
has re c e n t ly  been consumed. As s ta te d  in  s e c t io n  1 .3 .2 ,  both  an im a ls  
and man te n d  t o  to  re g u la te  th e  p ro p o r t io n  o f p ro te in  in  th e  d ie t  and 
th e re fo re  t h is  fa ls e  s ig n a l o f p r io r  ca rboh yd ra te  consum ption w ou ld  
be expected to  decrease subsequent ca rbohyd ra te  a p p e t i te .  However, 
evidence f o r  t h is  th e o ry  is  n o t c o n c lu s iv e  and o th e r  w o rke rs  have n o t
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always been a b le  to  show s e le c t iv e  supp re ss ion  o f  ca rboh yd ra te  in ta k e  
w ith  fe n f lu ra m in e  o r o th e r  s e ro to n in e rg ic  agen ts  such as f lu o x e t in e  
and MK212 ( C u r t is - P r io r  & P rou teau , 1 9 8 3 ).
1 .4  .4 Maz in d o l
M azindo l was f i r s t  s y n th e s ize d  in  1966 and was th e  f i r s t  drug 
m arke ted f o r  th e  tre a tm e n t o f o b e s ity  which i s  n o t s t r u c t u r a l ly  
r e la te d  to  amphetamine, b e in g  an im id a z o is o in d o le  (see F i g . l ) .
A lthough  i t  i s  known th a t  m az indo l a l te r s  ca techo lam ine 
m etabolism  ( Carruba e t  a l ,  1 9 7 8 ), i t s  mechanism o f a c t io n  has n o t 
been f u l l y  e lu c id a te d .  I t  has been observed th a t  a n o re c t ic  doses o f
3
m azindo l (4m g/kg) b lo c k  th e  uptake o f H- nor a d re n a lin e  in  r a t  b ra in  
by 80% (E n g s tra n  e t  a l ,  1 9 7 5 ). On th e  b a s is  o f  t h is  o b s e rv a tio n , 
G ogerty (1981) suggested th a t  th e  a n o re c t ic  e f fe c t  o f m azindo l is  
de te rm ined  by i t s  i n h ib i t io n  o f n o ra d re n a lin e  uptake in  th e  b ra in .  
However, a t te n u a t io n  o f  th e  a n o re c t ic  e f fe c t  o f m azindo l by 
p re tre a tm e n t o f r a ts  w i th  p im ozide (a dopamine re c e p to r  b lo c k e r)  
suggests  a r o le  f o r  dopam inerg ic  mechanisms in  th e  a n o re c t ic  a c t io n  
o f m azindo l (K ru k  & Z a r r in d a s t ,  1 9 7 6 ). They found no e f fe c t  on 
maz in d o l- in d u c e d  s u p p re ss io n  o f fo o d  in ta k e  when an im a ls  were 
p re - t re a te d  w ith  phenoxy be nz amine (a lp h a -a d re n o c e p to r b lo c k e r ) ,  
p ro p ra n o lo l ( n o n -s e le c t iv e  b e ta -b lo c k e r ) o r  m e th e rg o lin e  (5-HT 
re c e p to r b lo c k e r ) .
In  obese d ia b e t ic s  and obese wanen, i t  has been shewn th a t  
m az indo l a d m in is t ra t io n  r e s u l t s  in  in c re a se d  plasma c o n c e n tra tio n s  o f 
f r e e  f a t t y  a c id s  and decreased c o n c e n tra t io n s  o f  c h o le s te ro l and 
t r ig ly c e r id e s  (R ath e t  a l ,  197 9 ) .  A n o n -in s u lin -d e p e n d e n t enhancement 
of- g lucose uptake in t o  human is o la te d  s k e le ta l m uscle induced by
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m azindo l was re p o r te d  by K irb y  and T u rne r (1 9 7 6 ). C hron ic
a d m in is t ra t io n  o f  m azindo l has been re p o r te d  as h a v in g  a
h y p e rin s u lin a e s n ic  e f f e c t  ( S i r t o r i  e t  a l ,  1 9 7 1 ), in  acu te  s tu d ie s  
H a rr is o n  e t  a l(1 9 7 5 ) observed reduced le v e ls  o f  lm m unoreactive 
in s u l in ,  and Rath e t  a l  (1979) found no s ig n i f ic a n t  e f fe c t  o f 
maz in d o l on plasma in s u l in  le v e ls  in  obese wcmen. M azindol has been 
shown to  in c re a s e  r e s t in g  m e ta b o lic  r a te  in  r a ts  (W y i l ie  e t  a l ,  1984) 
and t o  p re v e n t th e  f a l l  in  energy e x p e n d itu re  n o rm a lly  a sso c ia te d  
w ith  a re d u c t io n  in  fo o d  In ta k e .
In  d o u b le -b lin d  c l i n i c a l  t r i a l s  Sm ith e t  a l  (197 5) re p o r te d  th a t  
m az indo l induced s ig n i f ic a n t  re d u c t io n  in  body w e ig h t when compared 
to  p lacebo tre a tm e n t.  As an a d ju n c t to  d ie ta ry  and b e h a v io u ra l 
tre a tm e n ts , i t  has been shown th a t  m azindo l causes an in c re a se d  mean 
w e ig h t lo s s  in  bo th  cases (W a llace , 1 9 7 6 ).
1 .5  SODIUM, POTASSIUM AND OTHER DIETARY FACTORS IN HYPERTENSION
As m entioned  b r i e f l y  in  s e c t io n  1 .2 .3 d ) ,  i t  was proposed by Dahl 
e t  a l  (1958) t h a t  th e  lo w e r in g  o f  b lood  p re ssu re  a s s o c ia te d  w ith  
w e ig h t lo s s  i s  due w h o lly  o r m a in ly  to  th e  re d u c t io n  in  sodium o r
s a l t  in ta k e  w h ich  tends to  occur when fo o d  in ta k e  i s  r e s t r ic t e d .
D a h l's  th e o ry  proposed th a t  a h ig h  d ie ta ry  sodium in ta k e  was 
a s s o c ia te d  w ith  h ig h  le v e ls  o f  b lood  p re s s u re . Evidence f o r  th e  r o le  
o f sodium and a ls o  potassium  in  th e  c o n tro l o f b lood  p re ssu re  and th e  
a e t io lo g y  o f h y p e rte n s io n  a re  d iscussed  h e re .
1 .5 .1  E p id e m io lo g ic a l s tu d ie s
There have been th re e  m a jo r s tu d ie s  in  th e  P a c i f ic  re g io n  in  
w h ich  d i f f e r e n t  sod iun  in ta k e  has been im p lic a te d  as a fa c to r
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re s p o n s ib le , In  p a r t ,  f o r  v a r ia t io n s  in  mean b lood  p re ssu re  le v e ls  
and th e  p reva lence  o f h y p e rte n s io n  among p o p u la t io n s . E a r ly  in  th e  
1 9 6 0 's  P r io r  e t  a l  in v e s t ig a te d  b lood  p re ssu re  and s a l t  in ta k e  among 
th e  P o lyn e s ia n  p o p u la tio n  o f  th e  Cook Is la n d s  (1968 / 1 9 6 9 ). .The
in h a b ita n ts  o f  Pukapuka (an o u t ly in g  a t o l l  o f th e  n o r th e rn  Cook 
group) had lc w e r b lood  p re ssu re s , were s lim m er and had a lc w e r s a l t  
in ta k e  th a n  th e  m odern ized p o p u la t io n  o f  Rarotonga, th e  m ain is la n d  
o f  th e  group. The d if fe re n c e s  in  b lood  p re ssu re  were g re a te r  than  
those  accounted f o r  by h e ig h t and w e ig h t, and i t  was concluded th a t  
th e  f in d in g s  were co m p a tib le  w ith  D a h l's  h y p o th e s is  t h a t  "h ig h e r s a l t  
in ta k e  and h ig h e r  b lood  p re ssu re s  a re  r e la te d ” .
An in v e s t ig a t io n  o f the  an teceden ts  o f  c a rd io v a s c u la r  d isease in  
s ix  s o c ie t ie s  i n  th e  Solanon Is la n d s  la t e  in  th e  1960 's  shewed th a t  
bo th  b lo o d  p re s s u re  and s a l t  in ta k e  g e n e ra lly  in c rea sed  w ith  
a c c u ltu ra t io n  (Page e t  a l ,  1 9 7 4 ). An e x c e p tio n  was a f is h in g  
community in  w h ich  sea-w a te r was used f o r  c o o k in g ; t h is  p o p u la t io n  
had th e  h ig h e s t mean s a l t  in ta k e  and mean b lood  p re s s u re , a lth o u g h  
th e  s o c ie ty  ranked in  th e  m id d le  o f th e  a c c u l tu ra t io n  s c a le . The 
c o n c lu s io n  a g a in  was th a t  th e  f in d in g s  were co m p a tib le  w ith  D a h l's  
h y p o th e s is .
A s tu d y  o f c a rd io v a s c u la r  d isease in  F i j i  in  1980 documented 
h ig h e r  mean b lo o d  p re ssu re  samples in  urban p o p u la tio n s  s tu d ie d  
compared w ith  th e  r u r a l  p o p u la tio n  sample. The r u r a l  s u b je c ts  were 
le a n e r and had lo w e r sod iun c o n c e n tra tio n s  in  t h e i r  e a r ly -m o rn in g  
u r in e  samples (Ram e t a l ,  1 9 8 2 ). There have been s e v e ra l s tu d ie s  in  
o th e r  p a r ts  o f  th e  w o r ld  w h ich  have a ls o  documented th e  a s s o c ia t io n  
o f  a low  s a l t  in ta k e  w ith  low  le v e ls  o f  b lood  p re s s u re , which may 
f a i l  to  r is e  w i th  age (O l iv e r  e t  a l ,  1975) and th e  a s s o c ia t io n  o f
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h ig h e r  b lood  p re s s u re  w ith  h ig h e r  s a l t  in ta k e  (S a sa k i, 1 96 4 ). 
However, th e re  have been s tu d ie s  in  w h ich  t h is  t re n d  has n o t been 
found , b u t these  a re  in  th e  m in o r i ty .  E l l i o t t  and Marmot (1984) 
in v e s t ig a te d  th e  changes in  b lood  p re ssu re  w ith  age and between 
p o p u la t io n s . They found th a t  th e  changes were c o n s is te n t w i th  an 
env iro n m e n ta l fa c to r ,  such as s a l t  in ta k e ,  a f fe c t in g  th e  p o s it io n  o f 
th e  mean o f  th e  b lood  p re ssu re  d is t r ib u t io n  and w ith  a g ra d ie n t o f 
s u s c e p t ib i l i t y  w i th in  a p o p u la tio n .
E p id e m io lo g ic a l evidence conce rn ing  d ie ta r y  potassium  in ta k e  and 
b lood  p re s s u re  i s  n o t as e x te n s iv e  as th a t  f o r  sodium. In d ir e c t  
ev idence frcm  e p id e m io lo g ic a l s tu d ie s  su p p o rts  th e  p r o te c t iv e  r o le  o f 
potassium  a g a in s t th e  ' t o x i c '  e f fe c ts  o f  excess sod iun and v ic e  ve rsa  
th e  p e rm is s iv e  e f fe c t  o f reduced potassium  in ta k e  on th e  h y p e rte n s iv e  
e f fe c t  o f  sodium. Such a p r o te c t iv e  e f fe c t  o f a h ig h  potassium  in ta k e  
a g a in s t th e  h a rm fu l e f fe c ts  o f  sod iun has been observed in  Japanese 
fa rm e rs  e a t in g  la rg e  q u a n t i t ie s  o f  app les  (S asak i e t  a l ,  1 9 5 9 ). 
Ueshima e t  a l  (1981) found a n e g a tiv e  c o r r e la t io n  between serun 
potassium  and th e  p reva lence  o f h y p e rte n s io n  in  s ix  p o p u la tio n s .
S ince th e  lo w e s t soc io -econom ic  s ta tu s  in  W estern c o u n tr ie s  i s  
a s s o c ia te d  w ith  th e  lo w e s t p o ta s s iu n  in ta k e  ( la c k  o f  expensive f re s h  
f r u i t s  and v e g e ta b le s ) t h is  m ig h t p a r t i a l l y  e x p la in  th e  h ig h e r  
p reva lence  o f h y p e rte n s io n  in  b la c k  p o p u la tio n s  th a n  in  w h ite s  in  
some p a r ts  o f  th e  U .S .A . (G rim  e t a l ,  1910) and in  South A f r ic a  
(Manning e t  a l ,  197 4 ) .
1 .5  .2 Normal v o lu n te e r  s tu d ie s
M i l le r  e t  a l  (1987) re p o r te d  a s tudy  which re la te d  th e  b lood  
p re ssu re  o f norm otens ive  p a re n ts  t o  th a t  o f t h e i r  o f fs p r in g  d u r in g
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sodium r e s t r i c t io n .  M o th e r-o f fs p r in g  resem blance in  b lood  p re ssu re  
change w ith  sod iun  r e s t r ic t io n  was s ig n i f ic a n t  f o r  s y s to l ic ,  
d ia s t o l i c  and mean a r t e r ia l  p re ssu re s . S ib l in g - s ib l in g  and tw in r tw in  
resem blances w ere a ls o  h ig h ly  s ig n i f ic a n t  f o r  changes in  a l l  th re e  
b lo o d  p re s s u re s . F a th e r -o f fs p r in g  resem blances were m a rg in a l (p < 0 .1 ) .  
The average p o p u la t io n  p ressu re  was s l i g h t l y ,  b u t s ig n i f ic a n t l y  lcw e r 
d u r in g  th e  sod iun  r e s t r ic t io n  period .* In  a s tudy  lo o k in g  a t  the  
e f fe c t  o f  sod iun  supp lem en ta tion , Ghlone e t  a l  (1986) observed no 
change in  b lo o d  p re s s u re  o r c a rd ia c  o u tp u t d u r in g  s h o r t  term  (3 days) 
o f  h igh  s a l t  In ta k e  in  young no rm otens lve  v o lu n te e rs  (15g NaCl was 
added to  norm al d a i ly  d ie t ) ,  though body w e ig h t in c re a se d  and plasma 
re n in  a c t i v i t y  decreased s ig n i f i c a n t l y .  A s tudy  by Gudmundsson e t  a l  
(1984) a ls o  showed t h is  to  be th e  case in  a lo n g e r s tu d y . A f te r  fo u r  
weeks o f In c re ased  s a l t  In ta k e  (12g NaCl added t o  norm al d a i ly  d ie t )  
b lo o d  p re s s u re s  rem ained unchanged in  groups o f  norm otensive  
v o lu n te e rs  bo th  w i th  and w ith o u t  f a m i l i a l  p re d is p o s it io n  to  
h y p e rte n s io n . Thus th e re  seems to  be no c o n v in c in g  ev idence frcm  
acu te  s tu d ie s  t h a t  h ig h  s a l t  in ta k e  a f fe c ts  th e  b lood  p re ssu re  o f 
no rm otens ive  humans. I t  seems l i k e l y  th a t  e le v a te d  sodium in ta k e  i s  
re q u ire d  ove r lo n g e r  p e rio d s  o f  tim e  b e fo re  adverse c a rd io v a s c u la r  
e f fe c ts  a re  seen e s p e c ia l ly  as sodium r e s t r ic t io n  does appear to  have 
a h y p o te n s iv e  e f fe c t  i n  such s u b je c ts .
1 .5 .3  H y p e rte n s ive  p a t ie n t  s tu d ie s
Evidence s u p p o r tin g  D a h l's  th e o ry  th a t  i t  i s  s a l t  in ta k e  ra th e r  
th a n  w e ig h t re d u c t io n  'p e r  se ' th a t  i s  re s p o n s ib le  f o r  th e  
h y p o te n s iv e  e f fe c t  o f w e ig h t- re d u c in g  d ie ts  in c lu d e s  a s tudy  by 
Fagerberg e t  a l  (1 9 8 4 ). T h is  showed th a t  w h i ls t  a m oderate
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w e ig h t- re d u c in g  d ie t  decreased in d ic e s  o f  sym p a th e tic  nervous system 
a c t i v i t y ,  re d u c t io n  o f  b lood  p re ssu re  to  th e  norm otensive  range was 
observed  o n ly  when th e re  was a concom itan t r e s t r i c t io n  o f  sodium 
In ta k e .  However, s tu d ie s  by R e is in  & F ro h lic h  (1982) have re p o r te d  
t h a t  w e ig h t lo s s  o b ta in e d  w ith  a hypo c a lo r ic  d ie t  w ith o u t  reduced 
s a l t  in ta k e  e f fe c te d  a c o n s id e ra b le  f a l l  In  s y s to l ic  and d ia s t o l i c  
b lo o d  p re ssu re s  in  obese h y p e rte n s iv e  p a t ie n ts .  The mechanisms 
proposed f o r  t h is  p re ssu re  re d u c t io n  were a decreased s y m p a th e tic  
a c t i v i t y  a ss o c ia te d  w ith  a reduced p a r t ic ip a t io n  o f  th e  
re n in -a n g io te n s in -a ld o s te ro n e  system, n a t r iu r e s is ,  c o n tra c te d  plasm a 
volum e and a re v e rs a l o f th e  h ig h  c a rd ia c  o u tp u t s ta te .
However, n o t a l l  h y p e rte n s iv e  p a t ie n ts  a re  ove rw e ig h t and so 
s tu d ie s  o f  s a lt/s o d iu m  r e s t r ic t io n  w ith o u t  c a lo r ic  r e s t r i c t io n  must 
be c o n s id e re d . Grobbee and Hofman (1986) rev iew ed  13 random ised 
t r i a l s  and found  th a t  w ith  a mean re d u c t io n  in  sod iun in ta k e  o f 
7 8mmol per day, th e re  was a f a l l  in  b lood  p re s s u re , which was re la te d  
t o  th e  le v e l  o f the  i n i t i a l  p re ssu re  and to  th e  age o f th e  p a t ie n ts .  
T h e ir  f ig u r e s  in d ic a te d  a s ig n i f ic a n t  e f f e c t  among those who 
re p re s e n te d  th e  m a jo r i ty  o f p a t ie n ts  in  need o f th e ra p y , those w ith  
d e f in i t e  h y p e rte n s io n  who were above th e  age o f 40 ye a rs .
The r o le  o f d ie ta ry  p o ta ss iu n  in  th e  genes is , th e rapy  and 
p re v e n tio n  o f  h y p e rte n s io n  has n o t been in v e s t ig a te d  as th o ro u g h ly  as 
t h a t  o f d ie ta r y  sodium. However, s tu d ie s  p u b lis h e d  to  da te  have shown 
t h a t  b lood  p re s s u re  tends to  be r e la te d  to  th e  u r in a ry  Na-R r a t i o  
(L a n g fo rd  & W atson, 1 9 7 5 ). Os e t  a l  (1986) were a b le  to  show o n ly  a 
s m a ll a d d it io n a l re d u c t io n  in  b lood  p re s s u re  w ith  e x tra  potassium  
(250mmol K+ d a i ly  in  d ie t )  added to  an e s ta b lis h e d  lew  sodium regim en 
(29mmol Na+ d a i ly ) ,  in  p a t ie n ts  w ith  m ild  e s s e n t ia l h y p e rte n s io n .
55
However, a s tudy  by S ia n i e t  a l  (1987) re p o r te d  a lo n g  te rn  re d u c tio n  
In  b lo o d  p re s s u re  In  m i ld ly  h y p e rte n s iv e  s u b je c ts  g ive n  m oderate o ra l 
potassium  supplem ents (24 and 48 mmol K+ d a l ly ) .
1 .5 .4  Anim al s tu d ie s
In  a n im a ls , excess sodium In  th e  d ie t  can Inc re ase  a r t e r i a l  
b lood  p re s s u re , p a r t ic u la r ly  when th e  e x c re t io n  o f  sodium Is  
Im p a ire d . S m ith -B a rba ra  e t  a l  (1980). showed th a t  a h ig h  s a l t  (NaCl) 
d ie t  Induced e le v a t io n  o f  b lood  p re ssu re  In  Sprague-Dawley r a ts  and 
th a t  t h is  e f f e c t  was most marked In  r a ts  I n  w h ich  th e  d ie t  was a ls o  
h ig h  In  s a tu ra te d  f a t  c o n te n t.
Rats have been in b re d  to  produce s t r a in s  w h ich  become s e v e re ly  
h y p e rte n s iv e  when fe d  a h ig h - s a l t  d ie t ,  w ith o u t th e  need f o r  
d e l ib e ra te  re d u c t io n  in  th e  a b i l i t y  o f th e  k idney to  e x c re te  sod iun . 
When th e  k id neys  o f  these s a l t - s e n s i t iv e  r a ts  a re  tra n s p la n te d  In to  
o th e rs  who a re  r e s is ta n t  to  s a l t  and n a tu r a l ly  norm otens ive , those 
an im a ls  th e n  become h y p e rte n s iv e . Thus, th e  p o te n t ia l  f o r
s a lt- In d u c e d  h y p e rte n s io n  in  these g e n e t ic a l ly  s a l t - s e n s i t iv e  r a ts  
seems to  r e s id e ,a t  le a s t  in  p a r t ,  in  th e  k idney (B la n c h i e t a l ,1 9 8 2 ) .  
Spontaneously h y p e rte n s iv e  r a ts  (SHR) o f  th e  Okamoto s t r a in  have a 
g re a te r  s a l t  a p p e t ite  th a n  norm otens ive  Sprague-Dawley ra ts  (D i 
N ic o la n to n io ,  1 9 8 7 ). F u r th e r , when SHR pups were c ro s s -s u c k le d  on 
Sprague-Dawley r a ts  t h e i r  s a l t  a p p e t ite  and b lood  p re ssu re  was 
s ig n i f i c a n t l y  lcw e r than  in  SHR pups suck led  on SHR. Thus, i t  appears 
th a t  some fa c to r  t ra n s fe r re d  frcm  th e  SHR m other p o s tn a ta l ly  is  
re q u ire d  f o r  f u l l  e xp re ss io n  o f  th e  e le v a te d  b lood  p re ssu re  seen in  
SHR.
The e f fe c t  o f supp lem entary p o ta ss iu n  on th e  course o f
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h y p e rte n s io n  has been in v e s t ig a te d  in  s e v e ra l exp e rim e n ta l models o f  
h y p e rte n s io n . Tob ian  e t  a l (1986) shewed a marked re d u c t io n  in  dea th  
r a te ,  b ra in  haemorrhage and in f a r c t s  and m e s e n te r ic  a r t e r io la r  
h y p e rtro p h y  in  s tro k e -p ro n e  spon taneous ly  h y p e rte n s iv e  r a ts  when th e y  
were fe d  a h ig h -p o ta s s iu m  d ie t .  These e f fe c ts  were produced w ith o u t  
s ig n i f ic a n t  re d u c t io n  in  b lood  p re s s u re . In  spon taneous ly  
h y p e rte n s iv e  r a t s  supp lem entary potassium  low ered  b lo o d  p re ssu re  when 
th e y  were g iv e n  d ie ts  c o n ta in in g  la rg e  amounts o f  sod iun (A o k i & 
Yam o r i ,  1 9 7 2 ). In  Dahl s a l t - s e n s i t iv e  r a ts  fe e d in g  o f  supp lem entary 
potassium  p reven ted  th e  r is e  in  b lood  p re ssu re  n o rm a lly  induced by a
h ig h  sodium (4.5% ) d ie t  (Meneely e t  a l ,  1 9 5 7 ).
1 .5 .5  Mechanisms o f a c t io n  ; T he o rie s
a) M echanism (s) o f  th e  p resso r response to  d ie ta r y  sodiun
One th e o ry  by B la u s te in  (1977) proposed th a t  th e  c o r r e la t io n
between sod iun  m etabo lism  and h y p e rte n s io n  c o u ld  be accounted f o r  i f
a c i r c u la t in g  a ge n t, perhaps th e  'n a t r i u r e t i c  ho rm one ', were to  
a f f e c t  th e  e le c tro c h e m ic a l sodiun g ra d ie n t a c ross  th e  v a s c u la r  smooth 
m uscle c e l l  plasma membrane (sarco lem m a), thus  a l t e r in g  th e
in t r a c e l lu la r  io n is e d  ca lc ium  c o n c e n tra t io n  and hence th e  r e s t in g  
te n s io n  o r  tone o f th e  v e s s e l.  Any change in  th e  sod iun  g ra d ie n t 
w ou ld  be r e f le c te d  as a change in  in t r a c e l lu la r  ca lc ium  c o n c e n tra t io n  
and th e re fo re  in  v e s s e l w a l l  te n s io n  and p e r ip h e ra l re s is ta n c e .
Hcwever, Gavras (1986) p o s tu la te d  th a t  sod iun e x e r ts  i t s
h y p e rte n s iv e  a c t io n  c e n t r a l ly  by decrea s ing  th e  s ta te  o f a f f i n i t y  o f 
th e  a lp h a 2~ a d re n e rg ic  re c e p to rs  (m a in ly  a t  th e  s i te s  o f
c a rd io v a s c u la r  r e g u la t io n  in  th e  b ra in s te m , such as th e  nuc leus
t ra c tu s  s o l i t a r i i  and th e  lo c u s  co e ru le u s ) fo r  lo c a l l y  o c c u r r in g
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a g o n is t n e u ro tra n s m it te rs  (such as n o ra d re n a lin e  and a d re n a lin e ) ,  
w h ich w ou ld  r e s u l t  in  d is in h ib i t io n  o f  s y m p a th o in h ib ito ry  neurones 
and le a d  to  th e  h y p e ra d re n e rg ic  s ta te  c h a r a c te r is t ic  o f  s a lt- in d u c e d  
h y p e rte n s io n .
b) Mechanism o f th e  h y p o te n s ive  e f fe c t  o f d ie ta ry  potassium
Haddy (1987) proposed th e  fo l lo w in g  mechanism to  account f o r  th e  
h y p o te n s iv e  e f fe c t  o f d ie ta ry  po tass ium . As th e  Na+ , K+-ATPase and 
hence th e  Na+-K +-pump o f th e  v a s c u la r  smooth m uscle c e l l  is  
s e n s i t iv e  to  th e  e x t r a c e l lu la r  potassium  c o n c e n tra t io n , an in c re a se  
in  e x t r a c e l lu la r  potassium  c o n c e n tra t io n  w ou ld  s t im u la te  th e  
Na+ , K+-ATPase and th e  pump. Such s t im u la t io n  w ou ld  cause v a s o d ila t io n  
by by per p o la r is in g  th e  c e l l .  Thus, p o ta ss iu n  may be b e n e f ic ia l by 
ca u s in g  v a s o d ila t io n  v ia  d i r e c t  a c t io n  on th e  smooth m uscle c e l l .  
Potassium  may a ls o  be b e n e f ic ia l  by v i r t u e  o f th e  d iu re s is  i t  may 
cause. I t  may a ls o  cause v a s o d ila t io n  in d i r e c t ly ,  by s t im u la t in g  th e  
Na+ , K+-ATPase in  th e  a d re n e rg ic  ne rve  te rm in a l and hence in c re a s in g  
th e  uptake o f n o ra d re n a lin e , th e re b y  le a v in g  le s s  in  th e  
n e u ro va scu la r c le f t .  Potassium a ls o  suppresses plasma re n in  a c t i v i t y  
and l i m i t s  th e  in c rea se  in  re n in  c o n c e n tra t io n  caused by sodium
r e s t r i c t io n .
1 .5  .6 O ther e le c t r o ly te s  im p lic a te d  in  th e  c o n tro l o f b lood  p re ssu re
a) C h lo r id e
The m a jo r i ty  o f sodium in g e s te d  by man is  in  th e  c h lo r id e  fo rm . 
When d is c u s s in g  th e  e f fe c t  o f sodium on b lood  p re ssu re  and o th e r
fu n c t io n s  s a l t  o r sodium c h lo r id e  i s  u s u a lly  used as a measure o f
sod iun  in ta k e .  However, c h lo r id e  may in f lu e n c e  b lood  p re ssu re
in d e p e n d e n tly  o f sodium. K urtz  e t  a l  (1987) showed th a t  o ra l
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a d m in is t ra t io n  o f  sodium c h lo r id e  (240mmol per day) fo r  7 days t o  men 
w ith  e s s e n t ia l h y p e rte n s io n  ( in  whan b lood  p re s s u re  was norm al w ith  
r e s t r i c t io n  o f  d ie ta r y  sodium c h lo r id e  to  lOmmol per day) induced 
s ig n i f ic a n t  e le v a t io n  o f both  s y s to l ic  and d ia s t o l i c  b lood  p re s s u re . 
An e g u im o la r amount o f  sodium, g ive n  as sodium c i t r a t e ,  induced no 
change i n  b lo o d  p re s s u re  however. Both s a l ts  induced  s u b s ta n t ia l and 
com parable sod iun  re te n t io n ,  w e ig h t g a in  and su p p re ss io n  o f  plasma 
re n in  a c t i v i t y  and plasma a ld o s te ro n e , bu t supp lem enta l sodium 
c h lo r id e  In c re a se d  plasma volume and u r in a ry  e x c re t io n  o f  ca lc iu m , 
whereas sodium c i t r a t e  d id  n o t.
b) Calcium
The use o f ca lc ium  channel b lo c k in g  agen ts  in  th e  tre a tm e n t o f 
h y p e rte n s io n  suggests  an im p o rta n t r o le  f o r  c a lc iixn  in  th e  
b io ch e m ica l c o n t ro l o f v a s c u la r  smooth m uscle tone  and th u s  o f  b lo o d  
p re s s u re  hom eo s tas is . The r e la t io n  o f th e  c l i n i c a l  aspects  o f ca lc ium  
m etabo lism , such as ca lc ium  in ta k e , re n a l d is p o s i t io n  o f  ca lc ium  and 
c i r c u la t in g  le v e ls  o f  ca lc ium  re g u la t in g  hormones, as w e l l  as o f  
ca lc ium  i t s e l f  rem ains an ambiguous one.
In  a s tu d y  u s in g  3 -w e e k -o ld  w e a n lin g  spon taneous ly  h y p e rte n s iv e  
r a ts ,  ca lc ium  sup p le m e n ta tio n  caused grow th re ta rd a t io n  w i th in  1 -2  
weeks o f  tre a tm e n t compared to  c o n tro ls  n o t  r e c e iv in g  th e  ca lc ium  
supp lem ent. P ro longed tre a tm e n t w ith  th e  h ig h  ca lc ium  d ie t  co m p le te ly  
a b o lis h e d  f u r t h e r  in c re a s e s  in  b lood  p re ssu re  f ra n  9 weeks o f age 
( th e  s tudy  was c o n tin u e d  to  12 weeks), I r r e s p e c t iv e  o f concom itan t 
sodium s u p p le m e n ta tio n . A n g io te n s in -s t im u la te d  b lo o d  p re ssu re  was 
a ls o  a tte n u a te d  by th e  h ig h  ca lc ium  d ie t  re g a rd le s s  o f  d ie ta r y  
sod iun , s im i la r  to  basa l read ings  (Lau e t  a l ,  1 98 6 ).
McCarron & M o rr is  (1985) showed th a t  tre a tm e n t w ith  ca lc ium
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2 +t a b le ts  (lOOOmg Ca per day) fo r  8 weeks produced a re d u c t io n  In  
s ta n d in g  s y s t o l ic  a r t e r i a l  b lood  p re ssu re  In  44% h y p e rte n s iv e s  and 
19% no rm o te ns ive s . Hew ever, some p o p u la tio n  surveys show a p o s i t iv e  
r e la t io n s h ip  between b lood  p re ssu re  and serum ca lc ium  le v e ls  
(K e s te lo o t  & Geboers, 1982) and Inc re ased  I n t r a c e l lu la r  f r e e  
c y to s o l ic  ca lc ium  le v e ls  have been re p o r te d  In  h y p e rte n s iv e  persons 
(E rne e t  a l ,  1 9 8 4 ). These s tu d ie s  te n d  t o  p o r t ra y  ca lc ium  as a 
p a th o g e n ic  o r  e x a c e rb a tin g  fa c to r  I n  h y p e rte n s iv e  d isease . On th e  
o th e r  hand, an In ve rse  r e la t io n s h ip  has been observed between d ie ta ry  
c a lc lu n  In ta k e  and b lood  p re ssu re  (McCarron e t  a l ,  198 4 ), wh ich 
suggests  t h a t  a r e la t iv e  o r a b s o lu te  c a lc lu n  d e f ic ie n c y  Is  p re s e n t In  
h y p e rte n s io n . C l in ic a l ly ,  th e  f in d in g s  th a t  some, b u t n o t a l l ,  
h y p e rte n s iv e  ' p a t ie n ts  a re  " s a l t - s e n s i t i v e ” In d ic a te s  th e  
h e te ro g e n e ity  o f th e  c o n d it io n  o f  human h y p e rte n s io n  (R esn lck , 1 9 8 5 ). 
T h e re fo re , I t  seems reasonab le  to  expect a s im i la r  h e te ro g e n e ity  w ith  
re s p e c t t o  ca lc ium  m etabolism  In  h y p e rte n s iv e  p a t ie n ts .  T h e re fo re , 
th e  seem ing ly  c o n tra d ic to ry  f in d in g s  o f  v a r io u s  s tu d ie s  o f  ca lc ium  
m etabo lism  In  h y p e rte n s io n  may s im p ly  r e f le c t  th e  w ide spec trun  o f 
b lo o d  p re s s u re  responses to  ca lc iu m .
1 .5 .7  O ther p o s s ib le  d ie ta ry  fa c to rs  In  h y p e rte n s io n
a) D ie ta ry  f a t  and d ie ta ry  f ib r e
The r o le  o f d ie ta ry  f a t  In  human h y p e rte n s io n  was dem onstrated 
by two In te rv e n t io n  s tu d ie s  (Ia co n o , Dougherty & Puska, 1986) 
conducted In  B e lts v ll le ,M D  and In  N o rth  K a re lia ,  F in la n d . H e a lthy  
peop le  served as s u b je c ts  f o r  th e  s tu d ie s  and foods consumed by th e  
s u b je c ts  were t y p ic a l  fo r  th e  re g io n s . D u ring  th e  in te r v e n t io n  
p e r io d s  th e  percen tage o f energy frcm  d ie ta ry  s a tu ra te d  f a t s  was
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low ered , w h ile  th e  p o ly u n s a tu ra te d  f a t t y  a c ids  w ere In c re a se d . T o ta l 
energy In ta k e  and s a l t  In ta k e  were kept r e la t iv e ly  c o n s ta n t. S y s to l ic  
and d ia s t o l i c  b lo o d  p ressu res  were decreased d u r in g  th e  lo w e red  
s a tu ra te d  fa t / h ig h e r  u n sa tu ra te d  f a t t y  ac ids  in ta k e  p e r io d  and t h is  
e f fe c t  was re v e rs e d  d u r in g  th e  sw itch back  p e r io d .  The data  g iv e  
s tro n g  s u p p o rt to  th e  h y p o th e s is  t h a t  h ig h  d ie ta ry  s a tu ra te d  f a t  
c o n te n t i s  a s s o c ia te d  w ith  e le v a te d  b lood  p re s s u re .
In  a s tudy  u s in g  r a b b its ,  b lood  p re ssu re  was a lw ays Inc re ased  by 
a fa t - e n r ic h e d  d ie t ,  t h is  e f fe c t  was d im in is h e d  and de layed  by add ing  
c e l lu lo s e  to  th e  d ie ts ,  though c e l lu lo s e  i t s e l f  had no e f fe c t  on th e  
b lood  p re s s u re  i n  th e  absence o f f a t  (B u rs ty n  & Husbands, 1 9 8 0 ). T h is  
in d ic a te s  t h a t  d ie ta r y  f ib r e  may a ls o  p la y  a r o le  in  th e  c o n t ro l o f 
b lood  p re s s u re . T h is  p o s s ib i l i t y  was in v e s t ig a te d  by a s tudy  based on 
a d ie ta ry  survey and b lood  p re ssu re  measurements (W rig h t e t  a l ,  197 9) 
which c la s s i f ie d  s u b je c ts  a c c o rd in g  to  t h e i r  f i b r e  in ta k e .  S u b je c ts  
w ith  a h ig h  f i b r e  in ta k e  were found  t o  have lo w e r mean b lood  
p ressu res  th a n  those  w ith  a low  f ib r e  in ta k e .  I t  i s  p o s s ib le  th a t  th e  
t y p ic a l ly  lew f a t / h ig h  f i b r e  d ie t  o f th e  la c to -o v o -v e g e ta r ia n  i s  
p a r t ly  re s p o n s ib le  f o r  the  lo w e r b lood  p re ssu re  le v e ls  observed in  
t h is  group o f  peop le  ( B e i l in ,  1986 ; B e i l i n  & M a rg e tts , 1 9 8 7 ).
b) D ie ta ry  a lc o h o l
I t  has become e v id e n t frcm  a s e r ie s  o f  e p id e m io lo g ic a l s tu d ie s  
th a t  an a s s o c ia t io n  e x is ts  between re g u la r  use o f la rg e  amounts o f  
a lc o h o l ic  beverages and h y p e rte n s io n . In  m ost s tu d ie s , re g u la r  in ta k e  
o f s m a lle r amounts o f a lc o h o l is  n o t a s s o c ia te d  w ith  h y p e rte n s io n  
(K la ts k y  & Friedm an, 1984) b u t a p o s s ib le  th re s h o ld  can n o t be 
p re c is e ly  d e fin e d  a t  p re s e n t. The r e la t io n s h ip  between a lc o h o l in ta k e  
and b lood  p re s s u re  i s  n o t a t t r ib u ta b le  to  dem ographic c h a r a c te r is t ic s
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o f o b e s ity ,  re p o r te d  s a l t  use, smoking o r  c o ffe e  use, nor can i t  be 
e x p la in e d  by u n d e rre p o r t in g  o f  a lc o h o l consum ption. I f  th e  
r e la t io n s h ip  i s  causa l then  th e  pa thogenes is  i s  n o t y e t  f i r m ly  
e s ta b lis h e d  (K la ts k y  & Friedm an, 1 9 8 4 ).
1 .6  CAFFEINE
1 .6  .1 In t r o d u c t io n
A lth ough  th e  m ain  area  o f r i s k  in  o b e s ity  is  in  th e  
c a rd io v a s c u la r  f i e l d  (see s e c t io n  1 .2  . 3 b ) ) , '  ad l i b i t u m ' in ta k e  o f te a  
and c o f fe e  (w h ich  may a ls o ,  have adverse c a rd io v a s c u la r  e f fe c ts ,  see 
belcw ) is  o f te n  a d v ise d  f o r  those fo l lo w in g  a c a lo r ie - r e s t r ic t e d  d ie t  
i n  p re fe re n c e  to  more c a lo r ie -d e n s e  d r in k s  such as m ilk ,  s o f t  d r in k s  
o r  a lc o h o l.
E p id e m io lo g ic a l evidence f o r  th e  adverse c a rd io v a s c u la r  e f fe c ts  
o f  c h ro n ic  c a f fe in e  consum ption a re  n o t c o n c lu s iv e  f o r  h e a lth y  a d u lts  
(see s e c t io n  1 . 6 . 3 ) ,  however, th e  e f fe c ts  in  p a t ie n ts  w ith  e x is t in g  
c a rd io v a s c u la r  d is o rd e rs  such as h y p e rte n s io n  m ig h t be expected t o  be 
more s e r io u s  (G o ld s te in  & S h a p iro , 1 9 8 7 ). In  a d d it io n ,  i t  i s  known 
th a t  h y p e rte n s io n  i s  more p re v a le n t in  th e  obese (D ustan, 1983; 
Landsberg, 1 9 8 6 ). H yp e rte n s io n  may be asym ptom atic when m ild  o r  
m oderate and th u s  th e  c o n d it io n  may n o t be re co g n ise d  in  th e  obese 
p a t ie n t .  When an obese person a tte m p ts  to  lo s e  w e ig h t ( o f te n  w ith o u t  
m ed ica l s u p e rv is io n ) ,  by fo l lo w in g  a c a lo r ie - r e s t r ic t e d  d ie t ,  he /she  
m ig h t consume more c a f fe in e  th a n  u s u a l, as many o f th e  p o p u la r 
com m ercial d ie ts  (E y to n , 1982; G rea tba tch , 1984) s ta te  th a t  te a , 
b la c k  c o f fe e  and low  c a lo r ie  c o la  d r in k s  may be consumed f r e e ly .  I f  
t h is  i s  th e  case, then  th e  Inc re ased  c a f fe in e  consum ption m ig h t have 
a d e tr im e n ta l e f fe c t  in  these  s u b je c ts .
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A d ie ta ry  q u e s tio n n a ire  was designed t o  In v e s t ig a te  th e
consum ption o f c a f fe in e -c o n ta in in g  beverages In  d ie te rs  and 
n o n -d le te rs  (see s e c t io n  2 .5 )  and th e  r e s u l t s  ( s e c t io n  3 .5 )  shewed 
t h a t  a p ro p o r t io n  o f  th e  sample d id ,  Indeed, Inc rease  t h e i r
consum ption o f  te a  and c o ffe e  when d ie t in g .
The e f fe c ts  o f  two doses o f  c a f fe in e  In  bo th  le a n  and d ie ta ry
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obese r a ts  were s tu d ie d  u s in g  bo th  ' In  v iv o ' and ' In  v i t r o '  methods 
t o  In v e s t ig a te  p o s s ib le  d if fe re n c e s  In  c a rd io v a s c u la r  e f fe c ts  between 
th e  groups (see s e c t io n  2 .8 .7  and 3 .6 ) .
1 .6  .2 D ie ta ry  in ta k e  o f c a f fe in e  in  man
C offee  and te a  consum ption accoun t f o r  a m a jo r p a r t  o f d ie ta ry
c a f fe in e  In ta k e  in  man (see Appendix 3 f o r  th e  c a f fe in e  c o n te n t o f
p o p u la r b e ve ra ges),
a) C o ffee
The f i r s t  use o f c o ffe e , and th e  d is c o v e ry  o f i t s  e f fe c ts  In  
re d u c in g  fa t ig u e  and In c re a s in g  w a ke fu ln e ss , is  a t t r ib u te d  
a p o c ry p h a lly  to  an E th io p ia n  h o ly  man. The s to ry  goes th a t  he had 
been t o ld  by a herdsman th a t  goats t h a t  had ea ten  th e  b e r r ie s  o f  the  
c o ffe e  bush f r is k e d  a l l  n ig h t  lo n g . T h is  le d  him  to  p repa re  a
beverage frcm  the  b e r r ie s  to  enab le  him  to  s tave  o f f  s le e p  so th a t  he
cou ld  spend h is  n ig h ts  awake and in  p ra y e r .
C o ffee  was in tro d u c e d  in to  W estern Europe a t  th e  end o f  th e  16 th  
c e n tu ry , where i t  spread r a p id ly  in  p o p u la r i ty .  The demand was so 
g re a t and th e  p r o f i t  f ra n  th e  c o ffe e  tra d e  so a t t r a c t iv e ,  th a t  
p la n ta t io n s  were s ta r te d  in  th e  t e r r i t o r i e s  o f a l l  th e  c o lo n ia l 
powers where c o n d it io n s  were s u ita b le  f o r  c u l t i v a t io n  o f  c o ffe e . The 
annual p ro d u c tio n  o f  c o ffe e  i s  now about 4 .5  m i l l io n  to n n e s . S l ig h t ly
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le s s  th a n  h a l f  th e  t o t a l  p ro d u c tio n  I s  consumed In  th e  U .S .A ., where 
th e  d a l ly  consum ption 'p e r  c a p ita ' averages about 25g, which Is  
e q u iv a le n t  to  ove r 250mg c a f fe in e .  The f ig u r e  f o r  th e  U .K . ( M in is t r y  
o f  A g r ic u ltu r e ,  F is h e r ie s  and Food, 1986) In  1986 was quo ted  as
1.7 4oz per week, w h ich I s  e q u iv a le n t to  a p p ro x im a te ly  7g p e r day 
(a p p ro x im a te ly  70mg c a f fe in e  per person d a l ly ) .
A lthough  th e re  I s  no deny ing  th e  m agnitude o f I t s  p o p u la r i ty ,  
o p in io n s  have a lw ays been d iv id e d  on th e  b e n e f its  o f  c o ffe e , as can 
be seen by th e  fo l lo w in g  q u o ta t lo n s (  bo th  f ra n  Bowman & R and,1980): 
th e  f i r s t  f r a n  an a d ve rtise m e n t f o r  a London co ffe e -h o u se  In  1652, 
c la im ed  I t  'q u ic k e n s  th e  s p i r i t s  and makes th e  h e a r t  l ig h ts o m e .. .  Is  
good a g a in s t so re  e y e s .. . e x c e lle n t  to  p re ve n t and cu re  th e  d ropsy , 
gou t and s c u r v y . . .  n e ith e r  la x a t iv e  nor r e s t r in g e n t  
( ie . c o n s t ip a t in g ) ■? th e  second frcm  S ir  Thanas C l i f f o r d  A l lb u t t ,  th e  
Regius P ro fe s s o r o f M ed ic ine  a t  Cambridge in  th e  e a r ly  1900 's ,  
c la im ed  o f  th e  c o f fe e -d r in k e r  th a t  ” th e  s u f fe re r  i s  trem u lous  and 
lo s e s  h is  se lf-com m and; he i s  s u b je c t to  f i t s  o f  a g i ta t io n  and 
d e p re s s io n .. .He has a haggard a p p e a ra n ce ... As w ith  o th e r such 
agen ts , a renewed dose o f th e  p o ison  g iv e s  tem pora ry r e l i e f ,  b u t a t  
th e  co s t o f f u tu r e  m is e ry ” ,
b) Tea
A beverage made by m ix in g  p repa red  te a  le a ve s  w ith  w a te r has 
been used in  China f o r  a t  le a s t  th e  la s t  1500 ye a rs . Tea a ls o  reached 
Europe in  th e  1 6 th  c e n tu ry . The la rg e s t  Im p o rte rs  o f  tea  are  th e  
B r i t i s h ,  and th e  annual consum ption 'p e r  c a p ita ' in  th e  U.K. is  about 
4 .5 kg , w h ich i s  e q u iv a le n t  to  over 300mg o f c a f fe in e  d a i ly .  Tea 
d r in k in g  i s  an in te g r a l  p a r t  o f th e  c u l tu r a l  p a t te rn  in  many 
c o u n tr ie s ,  and in  Japan i t  i s  h ig h ly  r i t u a l iz e d  in  th e  tea-cerem ony.
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Amongst B r i t i s h  peop le , th e  r i t u a l s  a re  le s s  fo rm a l and th e  
c h a r a c te r is t ic s  o f  dependence a re  more c le a r ly  e v id e n t.  The f ra n k  
re c o g n it io n  o f  tea  as a drug  i s  shown by th e  fo l lo w in g  q u o ta t io n  f ra n  
th e  p io n e e r B r i t i s h  pha rm aco log is t W .E .D ixon in  th e  e a r ly  1 9 0 0 's  
( f r a n  Bowman & Rand, 198 0 ); "Tea has appeared to  us to  be e s p e c ia l ly  
e f f i c ie n t  in  p ro d u c in g  n igh tm a res  w i t h . . .  h a l lu c in a t io n s  w h ich  may be 
a la rm in g  in  t h e i r  i n t e n s i t y . . .  Another p e c u lia r  q u a l i t y  o f te a  i s  to  
produce a s tran ge  and extrem e degree o f p h y s ic a l d e p re ss io n . An hour 
o r tw o .a f te r . . .  te a  has been ta k e n . . .a  g rie vo u s  s in k in g . . .may s e iz e  
upon a s u f fe r e r ,  so th a t  to  speak i s  an e f f o r t .  The speech may become 
weak and v a g u e ...B y  m is e r ie s  such as th e s e , th e  bes t ye a rs  o f  l i f e  
may be s p o i l t " .
O ther m ino r sources o f c a f fe in e  in  th e  d ie t  in c lu d e  c h o c o la te , 
cocoa, c o la  d r in k s  and compound a n a lg e s ic  p re p a ra t io n s  w h ich  o f te n  
c o n ta in  c a f fe in e .
1 .6 .3  C a rd io v a s c u la r a c t io n s  o f  c a f fe in e  (see F ig .2  fo r  s t ru c tu re )
The seem ing ly  c o n tra d ic to ry  re p o r ts  o f  th e  e f fe c ts  o f  c a f fe in e  
on haemodynamic v a r ia b le s  c le a r ly  show th e  problem s a s s o c ia te d  w ith  
f a i l u r e  to  d is t in g u is h  between h a b itu a l consumers and non-consumers 
o f  c a f fe in e .  C a ffe in e  has been re p o r te d  to  ra is e  (R obe rtson  e t  a l ,  
197 8 ), lo i/e r  (S o llm an & P i lc h e r ,  1911-1912) and n o t a l t e r  ( S ta r r  e t 
a l ,  1937) a r t e r i a l  b lood  p re s s u re ; in c re a se  (S o llm an & P i lc h e r ,  1911- 
1912; G ould e t  a l ,  1973 ), decrease (H o rs t e t  a l ,  1936) and n o t a l t e r  
(S ta r r  e t  a l ,  1937) h e a r t  r a te ;  and ra is e  (R obertson  e t  a l ,  197 8) o r 
n o t a l t e r  (Jung  e t  a l ,  1981) plasma le v e ls  o f  a d re n a lin e  and 
n o ra d re n a lin e .
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Two r e la t iv e ly  re c e n t s tu d ie s  have h e lped  t o  c l a r i f y  c a f fe in e 's  
e f f e c t  on haemodynamic v a r ia b le s .  In  th e  f i r s t  s tu d y , c a f fe in e  250mg, 
was a d m in is te re d  to  h e a lth y ,  c a f fe in e -n a iv e  s u b je c ts  u s in g  
d o u b le -b l in d  c rossove r p ro to c o l (R obe rtson  e t  a l ,  197 8 ) .  S y s to l ic  
b lo o d  p re s s u re  in c re a se d  by lQmmHg one hour a f t e r  in g e s t io n  o f  
c a f fe in e .  H e a rt r a te  decreased d u r in g  th e  f i r s t  hou r and th e n  rose  
above b a s e lin e  le v e ls  f o r  th e  nex t two h o u rs . Plasma a d re n a lin e , 
n o ra d re n a lin e  and plasma re n in  a c t i v i t y  Inc reased  a f t e r  th e  in g e s t io n  
o f  c a f fe in e .  A second s tudy  examined th e  e f fe c ts  o f  c h ro n ic  c a f fe in e  
In g e s t io n  and used h e a lth y  h a b itu a l c o ffe e  d r in k e rs  as s u b je c ts  
(R obe rtson  e t  a l ,  1 98 1 ). The s u b je c ts  a b s ta in e d  f ra n  c a f fe in e -  
c o n ta in in g  beverages f o r  th re e  weeks p r io r  to  th e  s t a r t  o f th e  t r i a l  
and th e y  were th e n  g ive n  c a f fe in e  250mg o r  p lacebo th re e  tim e s  d a l ly  
f o r  7 days in  a random ised d o u b le -b lin d  t r i a l .  The i n i t i a l  
a d m in is t ra t io n  produced haemodynamic e f fe c ts  s im ila r  to  those no ted  
i n  th e  f i r s t  s tu d y , however com plete to le ra n c e  deve loped t o  a l l  these 
e f fe c ts  a f t e r  1 to  4 days o f c a f fe in e  a d m in is t ra t io n .  Thus, i t  new 
seems q u i te  c e r ta in  th a t  a lth o u g h  the  acu te  in g e s t io n  o f  c a f fe in e  
a l t e r s  many haemodynamic v a r ia b le s ,  the  c h ro n ic  in g e s t io n  o f  c a f fe in e  
has l i t t l e  o r no e f fe c t  on b lood  p re s s u re , h e a r t  r a te ,  plasma re n in  
a c t i v i t y  and plasma ca techo lam ine le v e ls  in  normal s u b je c ts  due to  
th e  ra p id  development o f to le ra n c e . However, the  e f fe c ts  o f  c a f fe in e  
on b lood  p re s s u re  may n o t be a b o lis h e d  w ith  to le ra n c e  in  o ld e r  
h y p e rte n s iv e  s u b je c ts , as a s tudy  by G o ld s te in  and S h a p iro  (1987) 
shewed t h a t  c a f fe in e  (200mg) produced an in c re a se  in  bo th  s y s to l ic  
and d ia s t o l i c  b lood  p re ssu re  (8/6ramHg) in  m ale h y p e rte n s iv e s , who 
were h a b itu a l c o ffe e  d r in k e rs  (s u b je c ts  were asked t o  a b s ta in  f r a n  
c a f fe in e -c o n ta in in g  substances f o r  o n ly  12 hours, o v e rn ig h t,  p r io r  to
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th e  m o n ito r in g  s e s s io n s ) .
The e f fe c ts  o f  c h ro n ic  c a f fe in e  in ta k e ,  as re p re s e n te d  by c o ffe e  
consum ption, upon b lood  p re ssu re  has been re p o r te d  in  a re c e n t 
I t a l i a n  s tudy  by F e r i t i  e t  a l  (1 9 8 7 ). They were a b le  to  show a mean 
re d u c t io n  in  both  s y s to l ic  and d ia s to l i c  b lood  p re ssu re  per cup o f 
c o ffe e  per day, even a f te r  c o r re c t in g  f o r  h a b itu a l a lc o h o l in ta k e  and 
c ig a r e t te  sm oking.
The e f fe c ts  o f  c h ro n ic  c a f fe in e  in g e s t io n  on th e  in c id e n c e  o f 
co rona ry  h e a r t  d isease has been s tu d ie d  in  e p id e m io lo g ic a l s tu d ie s  
u s in g  c o f fe e  consum ption as a measure o f c a f fe in e  in ta k e .  Again , the  
re p o r ts  a re  c o n t ra d ic to ry .  Dawber e t  a l  (1974) p re se n te d  o b s e rv a tio n s  
f ra n  th e  Framingham study and concluded th a t  th e re  was no a s s o c ia t io n  
between th e  le v e l  o f c o ffe e  consum ption and th e  in c id e n c e  o f co rona ry  
h e a r t  d ise a se . However, a p ro s p e c tiv e  s tudy  o f 1130 male m ed ica l 
s tu d e n ts  by La C ro ix  e t  a l  (1986) showed an independent 
d o se -re sp o n s ive  a s s o c ia t io n  o f  c o ffe e  consum ption w i th  c l i n i c a l l y  
e v id e n t co rona ry  h e a r t d isease , c o n s is te n t w i th  a two t o  t h r e e - fo ld  
e le v a t io n  in  r i s k  among heavy c o ffe e  d r in k e rs .
A s tudy  by Dofcmeyer e t  a l (1983) on th e  e f fe c ts  o f  c a f fe in e  on 
a rrhy thm ogenes is  showed th a t  c a f fe in e  In g e s t io n  tended t o  promote 
s u p ra v e n tr ic u la r  ta c h y c a rd ia  in  p a t ie n ts  w ith  h e a r t  d isease and in  
norm al c o n t ro ls  and v e n t r ic u la r  ta c h y c a rd ia  in  p a t ie n ts  o n ly .  The 
c o n c lu s io n  frcm  th e  s tudy was t h a t  p a t ie n ts  w ith  h e a r t  d isease shou ld  
a v o id  c a f fe in e .
1 .6  .4 G eneral pharmacology o f c a f fe in e
C a ffe in e  i s  p ro b a b ly  the  most w id e ly  consumed drug  in  W estern 
s o c ie t ie s .  I t s  pha rm aco log ica l e f fe c ts  a re  thus o f g re a t in te r e s t .
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A lthough  c a f fe in e  e x e r ts  e f fe c ts  on many organs, most p u b lis h e d  data 
r e la te  to  acu te  e f fe c ts .  These e f fe c ts  a re  d e s c rib e d  be lcw .
The p rim a ry  e f fe c t  o f c a f fe in e  I s  c e n tra l nervous system 
s t im u la t io n ,  a c t in g  c h ie f ly  on th e  c e re b ra l c o r te x .  T h is  I s  expressed 
In  te rm s o f  Increased  v ig i la n c e ,  r e l i e f  f ra n  fa t ig u e ,  Improved mood 
and Im proved perform ance (C u ra to lo  & R obertson, 1 9 8 3 ). The e f fe c ts  o f  
c a f fe in e ,  p a r t ic u la r ly  on mood, seem to  be In flu e n c e d  s t ro n g ly  by 
In d iv id u a l v a r ia t io n s  In  s e n s i t i v i t y  o r a c q u ire d  to le ra n c e .
C a f fe ln e - a t t r ib u te d  ln s a n n la  appears to  show s ig n i f ic a n t  in d iv id u a l 
v a r i a b i l i t y  and i t  has been proposed th a t  th e  r a te  o f c a f fe in e  
m etabo lism  is  a d e te rm in in g  fa c to r  (Levy & Z y lb e r-K a tz ,  1 9 8 2 ). The 
acu te  in g e s t io n  o f c a f fe in e  produces m ild  in c re a s e s  in  u r in e  volume 
and u r in a ry  sodium e x c re t io n  in  hunans. To le rance  to  these  e f fe c ts  
deve lops a f t e r  h a b itu a l consum ption o f  th e  drug  (Eddy & Downs, 1 9 2 8 ). 
Acute doses o f  c a f fe in e  produce a number o f e f fe c ts  on m etabo lism , 
in c lu d in g  an in c re a se  in  m e ta b o lic  ra te  (Jung e t  a l ,  1 9 8 1 ), e le v a t io n  
o f plasma le v e ls  o f  f r e e  f a t t y  ac ids  and a s l i g h t  e le v a t io n  o f plasma 
c o r t i s o l  le v e ls  (Avogaro, 197 3 ) .  These m e ta b o lic  e f fe c ts  were found  
to  occur a ls o  in  h a b itu a l c o ffe e  d r in k e rs ,  th e re fo re  i t  appears th a t  
to le ra n c e  occu rs  le s s  r e a d i ly  to  these  e f fe c ts .  The c a rd io v a s c u la r  
e f fe c ts  o f  c a f fe in e  have been d iscussed  in  s e c t io n  1 .6 .3 .
A t th e  doses commonly encountered in  foods and beverages ( see 
Appendix 3 ) ,  c a f fe in e  p ro b a b ly  e x e r ts  most o f i t s  pha rm aco log ica l 
e f fe c ts  th ro u g h  antagonism o f adenosine re c e p to rs  (F redholm , 1 98 0 ). 
Adenosine a c ts  as a n e u ro tra n s m itte r  in  p u r in e rg ic  neurones, which 
have d iv e rs e  fu n c t io n s  th ro u g h o u t th e  body (B u rn s to c k , 1 9 7 2 ). 
Receptor antagonism  p ro v id e s  a mechanism f o r  th e  development o f 
to le ra n c e  w h ich  has been re p o r te d  to  occur w ith  c h ro n ic  c a f fe in e
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tre a tm e n t. To le rance  to  th e  lo n g - te rm  presence o f c a f fe in e  I s  th o u g h t 
to  be a c q u ire d  by In c re a s in g  th e  number o f adenosine re c e p to r  s i te s  
and th u s  th e  s e n s i t i v i t y  to  adenosine (F redholm , 1 9 8 0 ). S evera l o th e r 
mechanisms o f  a c t io n  have been proposed f o r  c a f fe in e  In c lu d in g  
phosphod ies te rase  I n h ib i t io n  (Beavo e t  a l ,  1970) and ca lc ium  
m o b il iz a t io n  (S m lts  e t  a l ,  1 9 8 6 ). However, these e f fe c ts  o n ly  occur 
a t  h ig h e r  doses o f  c a f fe in e  than  w ou ld  n o rm a lly  be encountered from  
d ie ta ry  In ta k e . H igh doses o f c a f fe in e  Induce a s t r e s s - l ik e  
neu roendocrine  response In  r a ts ,  c h a ra c te r is e d  by Increased  serum 
c o r t ic o s te ro n e  and b e ta -e n d o rp h in  le v e ls  and decreased serun grow th 
hormone and th y r o t r o p in  le v e ls  (S p ln d e l e t  a l ,  1 9 8 0 ). However,few o r 
no e n d ocrine  e f fe c ts  w ou ld  be expected In  man w ith  th e  doses th a t  a re  
t y p ic a l ly  consumed.
The e f fe c ts  o f  c a f fe in e  overdose, which g e n e ra lly  occur w ith  
In ta k e s  g re a te r  th a n  a p p ro x im a te ly  7-8m g/kg d a l ly  o r 500-6OOmg d a l ly  
In  a d u lt  humans, a re  g e n e ra lly  d e sc rib e d  In  a c l i n i c a l  c o n d it io n  
known as " c a f fe ln ls m " .  Symptoms th a t  occur In c lu d e  a n x ie ty  and 
te n s io n , headaches, Insom nia, d ia rrh o e a , I r r i t a b i l i t y ,  lo s s  o f  
a p p e t ite ,  d iz z in e s s  and decrease o f hand s te a d in e s s  (A b b o tt, 1 9 8 6 ). 
E s tim a tes  o f  a f a t a l  dose o f c a f fe in e  in  man a re  pu t a t  g re a te r  th a n  
lO g (140m g/kg) (A b b o tt,  1 98 6 ). A rev iew  o f th e  pharmacology and 
to x ic o lo g y  o f c a f fe in e  by A b b o tt (1986) in d ic a te d  th a t  th e re  was no 
p o s i t iv e  evidence o f adverse c a rc in o g e n ic , m utagenic o r  te ra to g e n ic  
e f fe c ts  o f  c a f fe in e  in  man.
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1 .7  THE USE OF RAT MODELS FOR INVESTIGATING CARDIOVASCULAR
PARAMETERS
1.7  .1 ' I n  v i t r o *  techn iques
a) Is o la te d  p e rfu se d  h e a r t
T h is  method I s  based upon th e  Is o la te d  p e rfu s e d  r a b b i t  h e a r t  
p re p a ra t io n  f i r s t  de sc rib e d  by L a n gend o rff (1895) and la t e r  by B ro d le  
and C u l l is  (1908) and Gunn (1 9 1 3 ). I t  I s  a u s e fu l p re p a ra t io n  f o r  
s tu d y in g  c a rd io a c t iv e  drugs, as th e  e f fe c ts  on c o n t r a c t i l i t y  ( fo rc e  
o f c o n t r a c t io n ) ,  r a te  o f b e a tin g , p e r fu s io n  p re ssu re  ( r e f le c t in g  th e  
s ta te  o f d i la t io n  o r  c o n s t r ic t io n  o f  th e  co rona ry  ve s s e ls  i f  th e  f lo w  
ra te  o f p e r fu s a te  i s  kept c o n s ta n t)  and a rrh y th m ia s  can be d e te c te d . 
T h is  was one o f th e  p re p a ra tio n s  used in  seme o f th e  s tu d ie s  
d e s c rib e d  h e re  and f u l l  e xp e rim e n ta l d e ta i ls  may be found  in  s e c t io n  
2 .7 .3 .
b) I s o la te d  p e rfu se d  m e s e n te ric  v a s c u la tu re
T h is  p re p a ra t io n  was f i r s t  d e sc rib e d  by McGregor (1 9 6 5 ). I t  may
be used t o  s tu d y  th e  a c t io n s  and in te r a c t io n s  o f  sym pa the tic  ne rve
s t im u la t io n  and drugs on th e  m e s e n te r ic  b lood  v e s s e ls .  The combined
use o f nerve s t im u la t io n ,  a g o n is t drugs and s e le c t iv e  a n ta g o n is ts  can
be used t o  in v e s t ig a te  both  p re s y n a p tic  and p o s ts y n a p tic  a c t i v i t y
(D raper e t  a l ,  1 98 6 ). I f  p e rfu se d  w ith  K re b 's  s o lu t io n ,  th e
p re p a ra t io n  may be used to  s tudy c o n t r a c t i le  responses (McGregor,
1 9 6 5 ). I f  p e rfu se d  w ith  a v a s o c o n s tr ic t in g  agent such as
-4p h e n y le p h rin e  o r methoxamine (b o th  a p p ro x im a te ly  10 M) to  induce
tone i t  may be used to  s tudy r e la x a t io n  responses ( B y f ie ld ,  1 9 8 6 ). 
T h is  p re p a ra t io n  was used in  some o f the  s tu d ie s  d e sc rib e d  he re  and
e xp e rim e n ta l d e ta i ls  may be found  in  s e c t io n  2 .7 .2 .
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c) A o r t ic  s p i r a l  s t r i p
T h is  p re p a ra t io n  i s  based on t h a t  d e s c rib e d  by F u rc h g o tt and 
Bhadrakom (1953) fo r  th e  r a b b i t  a o r t ic  s t r i p .  The p re p a ra t io n  
re q u ire s  e q u i l ib r a t io n  under te n s io n  in  an o rgan ba th  f o r  a t  le a s t  an 
hour to  ach ieve  f u l l  r e la x a t io n  b e fo re  th e  a d d it io n  o f  any drugs 
(F u rc h g o tt  & Bhadrakom, 1 95 3 ). I t  th e n  possesses n e g l ig ib le  i n t r i n s i c  
tone  and does n o t e x h ib i t  any spontaneous c o n tra c t io n ,  m aking i t  
s u i ta b le  f o r  s tu d ie s  w ith  v a s o c o n s tr ic to r  substances. The c u t t in g  o f 
th e  p re p a ra t io n  in to  a s p i r a l  n e c e s s a r ily  in v o lv e s  a c o n s id e ra b le  
amount o f h a n d lin g  and p o s s ib ly  d e s tru c t io n  o f  th e  v a s c u la r  
endo the lium  to  some degree. I t  i s  n o t p o s s ib le  to  de te rm ine  how much, 
i f  any, o f th e  endothe lium  has been des troyed  w ith o u t  th e  use o f 
h is to lo g ic a l  s ta in in g  te c h n iq u e s . I t  has become appa ren t th a t  s e v e ra l 
endogenous v a s o c o n s tr ic to rs ,  in c lu d in g  n o ra d re n a lin e  and 5-h y d ro x y - 
try p ta m in e , re le a se  a v a s o d ila to r  substance f ra n  e n d o th e lia l c e l ls  
t h a t  in  tu r n  a c ts  as a p h y s io lo g ic a l a n ta g o n is t o f smooth m uscle 
c o n t r a c t i l i t y  (Cocks & Angus, 1 9 8 3 ). In  th e  absence o f endothe lium  
these v a s o c o n s tr ic to rs  have much g re a te r  maximum e f f ic a c y .  The 
v a s o d ila to r  substance re le a s e d  frcm  th e  e n d o th e lia l c e l ls  may be th e  
same e n d o th e liu m -d e riv e d  r e la x in g  fa c to r  (EDRF) t h a t  i s  In v o lv e d  in  
th e  r e la x a t io n  response o f v a s c u la r  smooth m uscle to  a c e ty lc h o lin e  
(F u rc h g o tt & Zawadzki, 1 9 8 0 ). V a r ia t io n  in  th e  e n d o th e lia l in t e g r i t y  
o f is o la te d  v e s s e ls  cou ld  r e s u l t  in  in c o n s is te n c y  in  apparen t 
s e n s i t i v i t y  to  these v a s o c o n s tr ic to r  substances when th e y  are  a p p lie d  
exogenous ly . Thus, t h is  p re p a ra t io n  was o n ly  used f o r  one s e r ie s  o f 
expe rim en ts  (see s e c t io n  2 .7 .1) due to  problem s w ith  in te r p r e ta t io n  
o f  the  da ta  in  th e  l i g h t  o f these fa c to r s .
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d) Is o la te d  p e rfu se d  h in d q u a rte rs
The pe rfu se d  r a t  h in d q u a rte rs  p re p a ra t io n , In  a d d it io n  t o  I t s  
use f o r  s tu d y in g  v a s o a c tiv e  agen ts  (E s s m a ill-S h a d , 1985) has a ls o  
been used as a s k e le ta l m uscle p re p a ra t io n  f o r  th e  s tudy  o f g lucose 
uptake (Robinson & H a r r is ,  1959; Ruderman e t  a l ,  1971) . The 
p re p a ra t io n  I s  th o u g h t to  possess p re d o m in a n tly  p o s ts y n a p tic  
b e ta -a d re n o c e p to rs  and has been used to  s tudy  th e  e f fe c ts  o f  c h ro n ic  
b e ta -a d re n o ce p to r b lockade (E s s m a il1 -Shad, 1 9 8 5 ). T h is  p re p a ra t io n  
has th e  p r a c t ic a l  d isadvan tage th a t  I t  r a p id ly  becomes oedematous. 
P e rfu s io n  o f  th e  p re p a ra t io n  w ith  McEwens s o lu t io n  h e lp s  to  de la y  
oedema fo rm a tio n , however th e  p re p a ra t io n  i s  s t i l l  n o t v ia b le  f o r  
lo n g  p e r io d s .
e) I s o la te d  p e rfu se d  caudal a r te ry
The is o la te d  caudal a r te ry  o f th e  r a t  i s  be ing  in c re a s in g ly  used 
f o r  th e  s tu d y  o f changes in  th e  v a s c u la tu re  induced by h y p e rte n s io n  
(H ic k s  e t  a l ,  1984; Fouda e t  a l ,  1985) and age (O s te r e t  a l ,  1 9 8 8 ). 
P rox im a l segments o f  th e  caudal a r te ry  a re  removed, w h i ls t  th e  r a t  i s  
a n a e s th e tis e d  (u s u a lly  w ith  p e n to b a r b ita l) ,  cann u la ted  a t  bo th  ends 
and p e rfu s e d /s u p e rfu s e d  w ith  K re b 's  s o lu t io n .  The degree o f 
v a s o c o n s tr ic t io n  may be de te rm ined  by changes in  p e r fu s io n  p re ssu re . 
Responses may be e l i c i t e d  by drugs a n d /o r e le c t r ic a l  s t im u la t io n .  
T h is  te ch n iq u e  w ou ld  have been s u ita b le  f o r  use in  these  s tu d ie s , 
though th e  use o f th e  b a r b itu ra te  a n a e s th e tic  (A tk in s o n  e t  a l,1 9 8 6 ) 
m ig h t have caused problem s w ith  o th e r p re p a ra tio n s  ta k e n  from  the  
same an im a l (such as th e  is o la te d  h e a r t  and m e s e n te r ic  v a s c u la tu re ) .
f ) Venous smooth m uscle p re p a ra tio n s
V a scu la r smooth m uscle i s  heterogeneous in  i t s  a c t i v i t y .  The 
e f fe c t  o f  a v a s o a c tiv e  agent such as n o ra d re n a lin e  may range frcm
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v a s o d ila t io n  t o  in te n s e  v a s o c o n s tr ic t io n  o f  d i f f e r e n t  segments o f  the  
v a s c u la r  system ( Scmlyo e t  a l ,  1 9 6 5 ).
Human saphenous v e in  s p i r a ls  have been used to  s tudy  responses 
t o  sym pathom im etic amines such as n o ra d re n a lin e , a d re n a lin e , 
p h e n y le p h rin e , is o p re n a lin e  and a ls o  5 -h y d ro x y try p ta m in e  (Coupar, 
1 9 7 0 ). Most o f  these responses have been shown t o  be a b o lis h e d  by 
a lp h a -a d re n o ce p to r b lo c k e rs  (Coupar, 197 0 ), thus in d ic a t in g  th e  
presence o f a lp h a -a d re n o ce p to rs  in  t h i s  p re p a ra t io n . A s tudy  u s in g  
r in g  segnents o f  r a t  fe m o ra l v e in  has a ls o  dem onstra ted th e  presence 
o f a lp h a -a d re n o ce p to rs  ( p o s t ju n c t io n a l a lp h a ^ -su b typ e ) (Downing e t  
a l ,  1 9 8 6 ).
g) Comparison o f  methods and fa c to r s  in f lu e n c in g  th e  cho ice  
o f p re p a ra t io n s  used.
Three ' i n  v i t r o '  p re p a ra tio n s  were s e le c te d  f o r  use in  th e  
expe rim en ts  d e s c r ib e d  h e re ; th e  is o la te d  p e rfu s e d  h e a r t ,  th e  is o la te d  
p e rfu s e d  m e s e n te r ic  v a s c u la tu re  and th e  a o r t ic  s p i r a l  s t r i p .  The 
is o la te d  h e a r t  was s e le c te d  as a method f o r  assess ing  c a rd ia c  
fu n c t io n .  The m e s e n te ric  v a s c u la tu re  was chosen because obv ious 
p h y s ic a l changes occu r in  t h is  t is s u e  w ith  th e  development o f o b e s ity  
namely a la rg e  in c re a s e  in  ad ipose t is s u e .  A lso , i t  i s  a m a jo r 
v a s c u la r  bed and any changes in  respons iveness  o f  t h is  t is s u e  w ou ld  
be expected t o  have e f fe c ts  th ro u g h o u t th e  c a rd io v a s c u la r  system . The 
a o r t ic  s p i r a l  p re p a ra t io n  was used in  i n i t i a l  s tu d ie s  as an example 
o f t is s u e  f r a n  a m a jo r a r t e r ia l  v e s s e l.  However w o rk  was n o t 
co n tin u e d  w ith  t h is  p re p a ra t io n  f o r  the ' reasons s ta te d  in  s e c t io n
1 .7  .1 c ) .
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1 .7 .2  ' I n  v iv o ' techn iques  f o r  th e  m o n ito r in g  o f  c a rd io v a s c u la r
fu n c t io n  In  th e  r a t .
' I n  v iv o ' te chn iques  f o r  th e  m o n ito r in g  o f  b lood  p re ssu re  and 
h e a r t  r a te  may be d iv id e d  in to  tw o c a te g o r ie s :  in v a s iv e ,  d i r e c t
methods o r  n o n -in v a s iv e , in d ir e c t  m ethods. In v a s iv e  te chn iques  
in v o lv e  th e  in s e r t io n  o f  a cannu la  in t o  an a r te r y  o f an a n a e s th e tis e d  
r a t .  H e a rt r a te  and b lood  p re s s u re  may th e n  be measured w ith  the  
an im a l a n a e s th e tis e d . A l te r n a t iv e ly ,  th e  cannu la  may be secured in to  
p la ce  and te m p o ra r i ly  sea led  and th e  an im a l a llo w e d  to  re c o v e r. 
D ire c t  measurements o f h e a r t  r a te  and b lo o d  p re s s u re  may then  be made 
in  th e  conscious r a t  v ia  th e  in d w e ll in g  cann u la . N o n -in va s ive  
in d i r e c t  measurement o f b lood  p re ssu re  and h e a r t  r a te  may be made 
u s in g  th e  t a l l  c u f f  method (see s e c t io n  2 .8 .3  fo r  f u l l  e xp e rim e n ta l 
d e t a i l s ) .
In  o rd e r  to  decide th e  most a p p ro p r ia te  and co n ve n ie n t method 
f o r  use in  these  s tu d ie s  i t  was necessary to  c o n s id e r f i r s t l y ,  th a t  
re p e a te d  re g u la r  measurements were to  be made over p e r io d s  o f  up to  
20 weeks and se con d ly , th a t  th e  r a ts  were to  be housed in  groups, no t 
in d iv id u a l ly .  The f i r s t  c o n s id e ra t io n  exc luded  th e  method u s in g  an 
in t r a - a r t e r ia l  cannula  to  measure b lood  p re ssu re  and h e a r t  r a te  in  
th e  a n a e s th e tis e d  r a t  d i r e c t ly .  I t  w ou ld  n o t be p o s s ib le  to  perfo rm  
repea ted  w eek ly  measurements on a s in g le  an im a l over s e v e ra l weeks 
u s in g  t h i s  m ethod. A lso , the  a n a e s th e tic  used m ig h t a f f e c t  b lood  
p re ssu re  and h e a r t  r a te .  T h is  p o s s ib i l i t y  is  im p o r ta n t,  as la rg e r  
doses o f any l ip id - s o lu b le  a n a e s th e tic  w ou ld  p ro b a b ly  be needed in  
th e  d ie ta ry  obese r a ts  th a n  in  le a n  c o n t ro ls .  The second 
c o n s id e ra t io n  made th e  method o f  d i r e c t  measurement o f b lood  p re ssu re
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and h e a r t  r a te  in  conscious r a ts  v ia  an in d w e ll in g  cann u la  
im p r a c t ic a l .  When r a t s  a re  housed in  groups, they  tend  t o  chew 
th ro ugh  th e  cannulae o f t h e i r  companions, o f te n  w ith  d is a s tro u s  
r e s u l t s .  I t  i s  d e s ira b le  t o  house r a ts  i n  groups f o r  s tu d ie s  o f  
d ie ta ry  o b e s ity  because, as d iscussed  in  s e c t io n  2 .6 .2 , w e ig h t g a in  
i s  a p p re c ia b ly  le s s  i f  r a ts  a re  housed in  is o la t io n .
T h e re fo re , th e  in d i r e c t  t a i l  c u f f  method was chosen as th e  most 
a p p ro p r ia te ,  because i t  i s  r e la t iv e ly  s im p le , r e l ia b le ,  n o n - in v a s iv e  
and in d e f in i t e ly  re p e a ta b le .
1 .8 AIMS OF THE EXPERIMENTS
1 .8 .1  Comparison o f  v a r io u s  c a rd io v a s c u la r  param eters in  le a n  and 
d ie ta r y  obese r a ts  th ro u g h o u t th e  development o f o b e s ity .
I t  i s  known t h a t  o b e s ity  is  a s s o c ia te d  w ith  in c re a se d  in c id e n c e  
o f c a rd io v a s c u la r  d is o rd e rs , h y p e rte n s io n  in  p a r t ic u la r  (see s e c t io n
1 .2 .3  b ) ) .  However, th e  u n d e r ly in g  cause or causes o f t h is  
a s s o c ia t io n  have n o t been c le a r ly  id e n t i f ie d .  Indeed, i t  i s  n o t 
c e r ta in  t h a t  th e  r e la t io n s h ip  between o b e s ity  and h y p e rte n s io n  i s  
causa l ra th e r  th a n  c o in c id e n ta l.  The aims o f  these expe rim en ts  w ere 
f i r s t l y ,  to  s tudy  changes in  h e a r t  r a te  and b lood  p re ssu re  in  th e  
conscious r a t  th ro u g h o u t th e  deve lopnent o f o b e s ity ,  com paring these  
va lu e s  w ith  those o f le a n  age-matched c o n t ro ls .  Secondly, ' in  v i t r o '  
p re p a ra tio n s  were used t o  s tudy changes in  responses t o  
n o ra d re n a lin e , a c e ty lc h o lin e  and 5 -h y d ro x y try p ta m in e  in  t is s u e s  
( is o la te d  h e a r t ,  is o la te d  p e rfu s e d  m esentery and a o r t ic  s t r i p )  frcm  
obese a n im a ls  as t h e i r  o b e s ity  p rogressed  and to  compare these  
responses w i th  those o f t is s u e s  f ra n  age-matched le a n  c o n t ro ls .
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1 . 8 .2 Comparison o f  th e  e f fe c ts  o f  w e ig h t re d u c t io n ,  induced by 
d ie ta r y  r e s t r ic t io n  o r  by use o f a n o re c t ic  d rugs, on
c a rd io v a s c u la r  fu n c t io n  in  th e  r a t .
W eight re d u c t io n  has been shown t o  cause a re d u c t io n  in  a r t e r i a l  
b lo o d  p re s s u re  in  bo th  h y p e rte n s iv e  and no rm otens ive  s u b je c ts  (see 
s e c t io n  1 .2 .3  d) ) .  The use o f a n o re c t ic  drugs m ig h t be o f h e lp  bo th  
in  th e  s h o r t  te rm , to  enab le  adequate amounts o f  w e ig h t to  be lo s t  
and in  th e  lo n g  te rm , to  ensure th a t  th e  w e ig h t i s  n o t re g a in e d  (see 
s e c t io n s  1 .2 .4  e) and 1.4 ) .  However, i t  i s  im p o rta n t t h a t  any
c a rd io v a s c u la r  s id e - e f fe c ts  o f  th e  a n o re c t ic  drugs used do n o t negate 
any b e n e f ic ia l  e f fe c ts  o f  w e ig h t lo s s .  Any i n t r i n s i c  h y p o te n s iv e  
a c t io n  o f  th e  d rug  w ou ld , o f course , be advantageous.
The aim  o f t h is  p a r t  o f th e  w ork  was t o  compare th e
c a rd io v a s c u la r  fu n c t io n  o f  p re v io u s ly  d ie ta ry  obese r a ts ,  who had
been t re a te d  w i th  amphetamine, fe n f lu ra m in e  o r m az indo l to  induce 
w e ig h t lo s s ,  w ith  t h a t  o f age-matched le a n  and d ie ta ry  obese r a ts  and 
a ls o  w ith  r a ts  whose w e ig h t had been reduced as a r e s u l t  o f
w ith d ra w a l o f th e  p a la ta b le  d ie t  f o r  4 weeks, fo l lo w in g  an i n i t i a l  4 
week p e r io d  o f  re c e iv in g  th e  p a la ta b le  d ie t  to  induce d ie ta ry
o b e s ity .
1 . 8 .3 A n a ly s is  o f  th e  consum ption o f c a f fe in e -c o n ta in in g  beverages 
in  a sample o f s t a f f  and s tu d e n ts  a t  Bath U n iv e rs ity  and an
in v e s t ig a t io n  o f  scane c a rd io v a s c u la r  e f fe c ts  o f  two doses o f
c a f fe in e  in  r a t s  w ith  and w ith o u t th e  p a la ta b le  d ie t .
A d ie ta r y  survey was designed (see F ig3 ) and s u b je c ts  were asked 
to  in d ic a te  t h e i r  norm al d a i ly  consum ption o f  te a , c o ffe e  and v a r io u s
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o th e r  Item s and, i f  they  had ever d ie te d , to  in d ic a te  any changes in  
consum ption o f  these item s when d ie t in g .  One o f th e  co n c lu s io n s  drawn 
f ra n  t h is  s tudy  was th a t  a s ig n i f ic a n t  p ro p o r t io n  o f  th e  s u b je c ts  
in c re a s e d  t h e i r  tea  and c o f fe e  consum ption (and th e re fo re  in c re a s e d  
t h e i r  c a f fe in e  in ta k e )  when d ie t in g .  See s e c t io n  3 .5  fo r  f u l l  d e ta i ls  
o f  th e  r e s u l t s  o f  th e  s tu d y .
*
Two doses o f  c a f fe in e  (25mg/kg and 50mg/kg) were s tu d ie d  in  bo th  
le a n  (ch cw -fe d ) and d ie ta ry  obese (p a la ta b le  d ie t  p lu s  chow) r a t s .  
C a rd io v a s c u la r fu n c t io n  in  these  an im a ls  was assessed bo th  ' in  v i v o ' , 
th ro u g h o u t th e  4 weeks o f  th e  expe rim en t, and ' in  v i t r o 1 a t  th e  end 
o f th e  s tudy  (see  s e c t io n s  2 .8 .7  and 3 .6 ) .
1 .8 .4 The measurement o f plasma sod iun and potassium  c o n c e n tra t io n s  
in  le a n  and d ie ta ry  obese r a ts .
A n a ly s is  o f  the  fo o d  consumed by th e  r a ts  s tu d ie d  re v e a le d  t h a t  
th e  sodium c o n te n t o f the  fo o d  consumed by r a ts  o f fe re d  th e  p a la ta b le  
d ie t  ( d ie ta r y  obese) was se ve ra l tim es g re a te r  than  th a t  consumed by 
th e  r a ts  o f fe re d  chow o n ly  ( le a n ) .  H igher d ie ta ry  sod iun In ta k e  has 
been a s s o c ia te d  w ith  e le v a te d  b lood  p re ssu re  (see s e c t io n  1 .5 ) .  The 
d ie ta ry  obese r a ts  were a ls o  found  to  have a lc w e r in ta k e  o f 
potassium  th a n  le a n  r a ts .  As potassium  has been re p o r te d  to  have a 
h y p o te n s iv e  e f fe c t  and to  o f fe r  p ro te c t io n  a g a in s t th e  p o te n t ia l ly  
h y p e rte n s iv e  e f fe c ts  o f  sodium (see  s e c t io n  1 .5 ) ,  t h is  reduced 
potass ium  in ta k e  m ig h t exace rba te  any e f fe c ts  o f  th e  h ig h  sodium 
c o n te n t o f th e  p a la ta b le  d ie t .  The d ie ta ry  obese r a ts  were found  to  
have s ig n i f i c a n t l y  h ig h e r s y s to l ic  b lood  p re ssu re s  th a n  le a n  c o n t ro ls  
(see s e c t io n  3 .1 .3 ) .  A s ig n i f ic a n t  c o r r e la t io n  between serum sodium
77
and s y s t o l i c  b lo o d  p re ssu re  was found  in  m o rb id ly  obese p a t ie n ts  
(N a n ji & Freeman, 1 9 8 5 ). The aim o f th e  s tudy  d e s c r ib e d  he re  was t o  
in v e s t ig a te  p o s s ib le  d if fe re n c e s  in  plasma sodium and potassium  
c o n c e n tra t io n s  between le a n  and d ie ta ry  obese r a t s  a t  d i f f e r e n t  
s tages in  th e  developm ent o f o b e s ity .
1 . 8 .5 M o n ito r in g  o f  s y s to l ic  b lood  p re s s u re  th ro u g h o u t th e  o e s tro u s  
c y c le  i n  th e  r a t .
The aim  o f t h is  s tudy was to  see i f  th e re  was any s ig n i f ic a n t  
v a r ia t io n  in  th e  s y s to l ic  b lood  p re s s u re  o f fem a le  W is ta r  r a ts  
th ro u g h o u t th e  o e s tro u s  c y c le , which m ig h t a f fe c t  th e  accuracy o f 
b lo o d  p re s s u re  m o n ito r in g  i n  th e  s tu d ie s  d e s c rib e d  h e re .
C o n f l ic t in g  r e s u l t s  have been re p o r te d  co n ce rn in g  th e  v a r ia t io n  
o f  b lood  p re s s u re  th ro u g h o u t th e  hixnan m e n s tru a l c y c le  ( P h i l l ip s ,  
196 8 ; G reenberg, 1985) and these  s tu d ie s  a re  d iscussed  more f u l l y  in  
s e c t io n  2 . 8 . 4 ) .  Hcwever, th e  e f fe c t  o f th e  o es trous  c y c le  on th e  r a t  
does n o t  appear to  have been cons ide red  in  th e  many p u b lis h e d  s tu d ie s  
i n  w h ich  b lo o d  p re s s u re  has been m o n ito re d  c h r o n ic a l ly .  T h is  i s  
p ro b a b ly  due to  th e  f a c t  th a t  th e  m a jo r i ty  o f s tu d ie s  used m ale r a t s .  
S c la fa n i and Gorman (1977) re p o r te d  th a t  fem a le  r a ts  d is p la y e d  
g re a te r  w e ig h t g a in  th a n  m ales when o f fe re d  a p a la ta b le  d ie t  and 
th e re fo re  they  a re  m ost s u ita b le  f o r  s tu d ie s  o f d ie ta ry  o b e s ity .  The 
fem a le  W is ta r  r a ts  o f  the  U n iv e rs ity  o f Bath s t r a in  a re  p a r t ic u la r ly  
s u ita b le  f o r  t h is  ty p e  o f w o rk  because t h e i r  normal grow th curve  
beg ins t o  p la te a u  a t  225-250g and th u s  by s ta r t in g  expe rim en ts  w ith  
th e  r a ts  a t  2 0 0 g th e  r a ts  o f fe re d  th e  p a la ta b le  d ie t  r a p id ly  become 
s ig n i f i c a n t l y  h e a v ie r  than  th e  le a n  c o n t ro ls .
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Chapter 2 : METHODS
CHAPTER 2 : METHODS
2 .1  GENERAL INTRODUCTION
The m a jo r i ty  o£ th e  methods d e s c r ib e d  h e re  in v o lv e d  th e  use o f
th e  d ie ta ry  obese r a t  model o f o b e s ity ,  m o n ito r in g  th e  changes
o c c u r r in g  in  these an im a ls  d u r in g  th e  development o f o b e s ity  and a ls o  
d u r in g  th e  subsequent w e ig h t re d u c t io n  reg im ens.
As a r e s u l t  o f th e  f in d in g s  o f a survey o f th e  In ta k e  o f
c a f fe in e -c o n ta in in g  beverages o f d ie te rs  and n o n -d ie te rs ,  a f u r t h e r  
s e t o f experim ents was dev ised  to  in v e s t ig a te  th e  e f fe c ts  o f  two
doses o f  c a f fe in e  in  r a ts ,  bo th  w ith  and w ith o u t th e  p a la ta b le  d ie t .
79
2 .2  MATERIALS
2 .2 .1 P h y s io lo g ic a l s a l t  s o lu t io n s  used f o r  ' in  v i t r o *  expe rim en ts .
2 .2 .1  a) 'N o rm a l' Kreb*s s o lu t io n .
T h is  i s  b a s ic a l ly  th e  s o lu t io n  d e s c rib e d  by Krebs and H e n s e le it  
(1 9 3 2 ), b u t w i th  9.52mM glucose in s te a d  o f  lOmM, and w ith  0 .03mM EETA 
( e th y le n e d ia m in e te tra -a c e t ic  a c id ) ,  (d isod ium  s a l t ,  Sigma) added to  
c h e la te  any heavy m eta l ions  p re s e n t.
Q u a n t it ie s  (g ) per 5 l i t r e s  
N a d  -  3 4.60 
KC1 -  1 .75
NaHCX>3 -  10.50
Glucose -  10.00
MgS04 .7H2 0 -  1.45
CaCl .6 H O  -  2 .80 2 2
KH2 PO4 -  0.80





Mg2+ 1 .20 
Ca2+ 2.6 0
H PO 2 4 2 . 2 0
Cl 128.30
SO. 2”  1 .20 4
A e ra t in g  gas: 02 + 5% CO^
T h is  s o lu t io n  was used f o r  s tu d ie s  in v o lv in g  th e  is o la te d  p e rfu s e d  
m e s e n te r ic  v a s c u la tu re  and th e  a o r t ic  s t r i p .
2 .2 .1  b) M o d if ie d  'h e a r t '  K reb 's  s o lu t io n
The m a jo r d if fe re n c e  between t h is  s o lu t io n  and th e  'n o rm a l' K re b 's  
s o lu t io n  i s  th e  lo w e r c o n c e n tra t io n  o f Ca++, though th e re  a re  some 
o th e r  m ino r d if fe re n c e s  (see b e lo w ). The fo rm u la  g ive n  belcw is  based 
on th a t  d e s c r ib e d  by Bentham (1 9 8 6 ).
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Q u a n t it ie s  (g ) fo r  5 l i t r e s  
NaCl -  34.4 8 
KC1 -  1 .75
NaHCC>3 -  10.50
Glucose -  10.45
MgS04 .7H2 0 -  1 .48
CaCl .6 H 0 -  1 .31  2 2
KH PO -  0.94 2 4




G lucose 9.95 
Mg2+ 1.22 
Ca2+ 1.22
H EO 2 .59  
2 4
d ”  104.80
SO, 2"  1.22 
4
A e ra t in g  gas: 02 t  5% C02
2 .2 .1  c ) *High p o ta ss iixn ' (65mM K ) K re b 's  s o lu t io n
T h is  s o lu t io n  was used t o  produce in c re a se d  tone  in  th e  is o la te d
p e rfu s e d  m e s e n te r ic  v a s c u la tu re  (measured as an in c re a se d  b a s e lin e
p e r fu s io n  p re s s u re ) , as an example o f a non -d rug -induce d
v a s o c o n s tr ic t io n .
Q u a n t it ie s  (g ) fo r  5 l i t r e s  
N a d  -  15.37 
KC1 -  24.24
NaHC03 -  10.50




Glucose -  10.45
MgS04 .7H2 0 -  1 .4  8
CaCl ,6 H 0 -  1 .31  2 2




H2 ro 4 2 .59
d  104.80
SO, 2“  1.22 
4
A e ra t in g  gas: 0 + 5% CO,
2 4
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2 .2 .1  d ) ' H igh p o ta s s iu n /h ig h  ca lc ium * K re b 's  s o lu t io n .
T h is  s o lu t io n  was used t o  pe rfuse  th e  Is o la te d  m e s e n te r ic  v a s c u la tu re
Im m ed ia te ly  a f te r  th e  'h ig h  p o ta s s lu n ' K re b 's  s o lu t io n ,  to  produce a
fu r t h e r  v a s o c o n s tr ic t io n  ( n o n -d ru g -In d u ce d ) .  The v a s o c o n s tr ic t io n  was
slew  to  deve lop  and reached a peak a f t e r  about 20-25 m inu tes . The
s o lu t io n  I s  th e  same as th a t  d e sc rib e d  In  s e c t io n  2 .2  . l . c )  excep t
2 +t h a t  I t  c o n ta in s  a d d it io n a l Ca ( f o r  5 l i t r e s  a t o t a l  o f 3 .28g
2 +CaCl^.SH^O) t o  g iv e  a f i n a l  c o n c e n tra t io n  o f  3 .OOmM Ca . T h is  
c o n c e n tra t io n  was chosen because I t  I s  known to  produce c o n s t r ic t io n  
o f  o th e r p h a rm a co lo g ica l p re p a ra t io n s , such as th e  ta e n l c o l l  m uscle .
2 .2 .2 Drugs used
a) Drugs used f o r  ' I n  v iv o ' s tu d ie s
I )  Amphetamine s u lp h a te , Sigma 
(C6H5 CH2 CBNH2 CH3 ) 2H2 S04 W it  = 36 8.4 9
I I )  F e n flu ra m in e  h y d ro c h lo r id e ,  S e rv ie r
C12H17C1F3N m t  = 267 *73 
i l l )  M az lndo l , Sandoz
Cj^H j^ C IN  O M ft = 284.74
iv )  C a ffe in e , Sigma
CaH_nN.O„ Mrtt = 1 9 4 .2  9 8 10 4 2
(see F ig s . l  and 2 fo r  s t r u c tu r a l  fo rm u lae  o f th e  above d rugs)
b) Drugs used f o r  ' i n  v i t r o '  s tu d ie s
I )  N o ra d re n a lin e  b i t a r t r a t e ,  Sigma
ci 2 En m 9 l w t  *  3 1 9 , 3
I I )  A c e ty lc h o lin e  c h lo r id e ,  Sigma
C7H1 6 C1 N02 NWt = 181.6 8
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F i g .  1 S t r u c t u r a l  f o r m u la e  o f  a n o r e c t i c  d r u g s  u s e d .
3
Amphetamine : -m e th y l-^ -p h en y le th y lam in e
CF
C H - C H - N H
Fenfluram ine : 2 -e th y la m in o -l-(3 -tr iflu o ro m e th y lp h e n y 1)
propane
CL
Mazindol : 5 -h yd ro xy -5 -(4 -ch lo ro p h en y l)- 2 , 3-dihydro  
5H -im idazo -( 2 ,1 -a )-is o in d o le
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i l l )  P h eny leph rine  h y d ro c h lo r id e , Sigma
C H 4 C1N0_ NWt *  203.67 9 14 2
iv )  S e ro to n in  (5-H T) c re a t in in e  s u lp h a te  complex (m onohyd ra te ), Sigma
C, O^S WWt = 3 87 .414 21 5 6
2 .3 MEASUREMENT OF PLASMA CONCENTRATIONS OF SODIUM AND POTASSIUM BY
FLAME IHOTOMETRY.
The r a ts  were a n a e s th e tis e d  u s in g  e th e r  and samples o f  b lood
(a p p ro x im a te ly  2m l) were w ith d ra w n  by c a rd ia c  p u n c tu re . The b lood  was
im m ed ia te ly  p la ce d  i n  l i t h iu m  h e p a r in  tubes  ( to  p re ve n t c o a g u la t io n ) ,
c e n tr ifu g e d  a t  2000 r .p .m . fo r  10 m inu tes a t  a tem p era tu re  o f 4°C and
th e  plasma la y e r  p ip e t te d  o f f .  The samples were th e n  re f r id g e r a te d  a t  
o4 C i f  n o t ana lysed  im m e d ia te ly .
A G allenkam p Flame A na lyse r was used to  de te rm ine  th e  plasma
• f
c o n c e n tra tio n s  o f  sod iun  ( Na ) and potassium  (K  ) .  For th e
d e te rm in a tio n  o f  p o ta s s lim  c o n c e n tra t io n , 0 .2ml plasma was d i lu te d  
w ith  9 .8m l d e io n is e d  w a te r ( 1 :5 0 ) .  For th e  d e te rm in a tio n  o f  sodium
c o n c e n tra t io n  0 .1 m l plasma was d i lu te d  w ith  9 .9m l d e io n is e d  w a te r
(1 :1 0 0 ) .  A s ta n d a rd  s o lu t io n  c o n ta in in g  141mM N a*, 107mM Cl , and
5 .ImM K+ , was used t o  c o n s tru c t c a l ib r a t io n  curves frcm  w h ich  th e  
c o n c e n tra t io n s  o f  sodium and potassium  in  th e  e xp e rim e n ta l samples 
c o u ld  be c a lc u la te d .
2 .4 STATISTICAL METHODS
D iffe re n c e s  between mean v a lu e s  o f c a rd io v a s c u la r  param eters 
such as b lo o d  p re s s u re  and h e a r t  r a te  f o r  groups o f le a n  and d ie ta ry  
obese r a ts  w ere ana lysed  u s in g  S tu d e n t's  t - t e s t  f o r  grouped
(u n p a ire d ) d a ta . However, when data  from  more than  one exp e rim e n ta l
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group was compared w ith  data  f ra n  th e  same c o n tro l group a m o d if ie d  
t - t e s t  was used, D u n n e tt's  t e s t .  T h is  t e s t  re v e r ts  t o  a S tu d e n t's  
t - t e s t  when da ta  f o r  o n ly  one e xp e rim e n ta l group i s  used. The 
n o n -p a ra m e tr ic  Mann-Whitney U - te s t  was used f o r  a n a ly s is  o f  the  
occu rrence  o f a rrh y th m ia s  in  th e  is o la te d  h e a r t  p re p a ra t io n  fo l lo w in g  
doses o f n o ra d re n a lin e . The n a tu re  o f these p a r t ic u la r  r e s u lt s  made 
them u n s u ita b le  f o r  a n a ly s is  by p a ra m e tr ic  t e s ts .  The c o r re la t io n  
c o e f f ic ie n t  ( r )  was used, where a p p ro p r ia te ,  to  assess th e  degree o f 
c o r r e la t io n  between v a r ia b le s .  S t a t is t i c a l  s ig n if ic a n c e  was accep ted 
a t  p<0 .0 5 .
2 .5 SURVEY OF THE INTAKE OF CAFFEINE-CONTAINING BEVERAGES BY DIETING
AND NON-DIETING ADULTS.
As d iscussed  in  s e c t io n  1 .6 ,  many p o p u la r low  c a lo r ie  d ie ts  
advocate  'a d  l ib i t u m ' in ta k e  o f te a , c o ffe e  and 'd i e t  c o la ' d r in k s ,  
which m ig h t be expected to  le a d  to  an in c re a s e  in  c a f fe in e  in ta k e  
when d ie t in g .  A survey was designed w ith  th e  p r im a ry  aim o f 
d e te rm in in g  w hether o r n o t people  a l t e r  t h e i r  te a  and c o ffe e  (and 
th u s ,c a f fe in e )  in ta k e  when d ie t in g .
The s u b je c ts  were s t a f f  and s tu d e n ts  o f  th e  U n iv e rs ity  o f B a th . 
62 com ple ted q u e s tio n n a ire s  were re tu rn e d , f ra n  3 2 male s u b je c ts  and 
30 fem ale s u b je c ts .  The age range o f s u b je c ts  was 19-63 years (mean 
=28.7 y e a rs ) .  The q u e s tio n n a ire  was c o n s tru c te d  so as to  obscure th e  
m ain aim o f th e  su rvey , thus q u e s tio n s  about smoking and snack food  
in ta k e , as w e l l  as d r in k s ,  were in c lu d e d  (see specimen q u e s tio n n a ire  
F ig .3 ) .  I f  th e  s u b je c t had never d ie te d  th e n  th e  ta b le  a t  th e  bottcm  
o f th e  q u e s t io n n a ire  was l e f t  b la n k . I f  they  had d ie te d , th e n  they
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F i g . 3 S p ec im en  " D i e t a r y  S u rv e y "
DIETARY SURVEY
1 ) H e ig h t  ........................ 2 )  W e i g h t ................... 3 )  Age................  4 )  M a le /F e m a le
5 ) S m oker/N on-sm oker ( I f  sm oker, p le a s e  in d ic a te  nunber p er day) ..................
6 )  P le a s e  in d ic o te  y o u r norm al d a i l y  (a v e ra g e )  in ta k e  o f th e  f o l lo w in g :
Amount
c o f fe e ................................................. ...........
te a ....................................................................
colo. dn’oVs * • • • •
o th e r  s o f t  d r in k s  ...........
m i lk  ...........
w a te r  ...........
a lc o h o l ic  d r in k s  ...........
o th e r  d r in k s  ...........
c r is p s ................................................. ...........
s a l te d  p e a n u ts ............................ ...........
c h o c o la te  ...........
7 )  Have you  e v e r  d ie te d  i n  th e  p a s t?  YES/NO 
I f  •YE S’ , p le a s e  co m p le te  th e  t a b le  below .
8) When d ie t in g ,  p le a s e  in d ic a t e  any a l t e r a t io n s  i n  you r norm al in ta k e  o f  
th e  f o l lo w in g  (m a rk  change w ith  an ’ X ’ ) .
DECREASE NO CHANGE INCREASE DAILY CONSUMPTION 
WHEN DIETING
c o f fe e
te a
c o la  d r in k s
o th e r  s o f t  d r in k s
m i lk
w a te r
a lc o h o l ( s p e c i f y )
o th e r  d r in k s  ( s p e c i fy )
c r is p s
s a l te d  p e a n u ts
c h o c o la te
c ig a r e t t e s  
( i f  a p p l ic a b le )
A copy o f the above questionnaire was given to each person upon 
th e ir  entry to  the re fec to ry  o f the School o f Pharmacy, U n ivers ity  
of Bath between 12.00 and 13.00 on one day. 65 forms were given  
out, 62 o f which were returned completed. The ra t io  o f male:female 
respondents o f approximately 50:50, is  representative of the o v e ra ll 
male:female r a t io  o f s ta f f  and students w ith in  the School.
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were asked t o  in d ic a te  any changes in  t h e i r  in ta k e s  o f  th e  item s
l i s t e d  when d ie t in g .  A l l  q u e s tio n n a ire s  were com pleted anonymously.
S u b je c ts  were asked to  s ta te  t h e i r  age, h e ig h t and w e ig h t and a ls o
w hether o r n o t they  were smokers. Smokers were asked to  s ta te  th e
number o f c ig a re t te s  th e y  smoked d a i ly .  H e ig h t and w e ig h t v a lu e s  were
c o n ve rte d  t o  m e tr ic  measurements where necessary and th e  Body Mass
2 2In d e x  ( BMI) o f  w e ig h t ( k g ) /h e ig h t  (m ) was c a lc u la te d  as an In d ic a to r  
o f th e  le v e l  o f o b e s ity  p resen t (see s e c t io n  1 .2 .1 ) .  The mean v a lu e s  
o f v a r io u s  d i f f e r e n t  param eters f o r  ' d ie te r s ' ( t h a t  i s ,  those s u b je c ts  
who had d ie te d  a t  seme tim e ) and ' n o n -d ie te rs ' ( s u b je c ts  who had never 
d ie te d )  were compared u s in g  th e  S tu d e n t 's  t - t e s t  . Tea and c o ffe e  
In ta k e  o f s u b je c ts ,  when d ie t in g  and when n o t d ie t in g  were compared. 
The c o r r e la t io n  c o e f f ic ie n t  ( r )  was used t o  in v e s t ig a te  a s s o c ia t io n s  
between v a r io u s  param eters in c lu d in g  BMI and age ( y e a rs ) ;  BMI and th e  
number o f c ig a re t te s  smoked d a i ly ;  and BMI and th e  number o f cups o f 
c o ffe e  consulted d a i ly .
2 .6 EXPERIMENTAL DESIGN OF ANIMAL STUDIES 
2 .6 .1 A n im als used
A nim als used th ro u g h o u t th e  s tu d ie s  were fem a le  W is ta r  r a ts ,  
U n iv e rs ity  o f  Bath s t r a in .  An im als were taken  f o r  s tu d ie s  6 weeks 
a f te r  w eaning (a p p ro x im a te ly  9 weeks o f  a ge ), a t  w e ig h ts  o f  between 
180 and 220g (u n le s s  o th e rw is e  s ta te d )  and random ly ass igned  to  
exp e rim e n ta l groups.
2 .6 .2 Housing c o n d it io n s
Am ario e t  a l  (1984) found th a t ,  under c o n d it io n s  o f  crowded 
hous ing , w ith  10 r a ts  per cage, r a ts  showed reduced ra te s  o f  body
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w e ig h t g a in . Agadah (1985) showed th a t  r a ts  housed in  groups o f  6
showed a g re a te r  r a te  o f w e ig h t g a in  th a n  r a ts  housed in d iv id u a l ly .
Thus, a group s iz e  o f a p p ro x im a te ly  6 r a ts  appears t o  produce optimum
w e ig h t g a in . The r a ts  used in  these  s tu d ie s  were housed in  groups o f
6 , in  cages (56cm x 38cm x  18 cm) w ith  s o l id  f lo o r s .  A l l  groups were
kep t under l i g h t in g  c o n d it io n s  o f  a 1 2 :1 2  hours l i g h t : d a r k  c y c le  and
o oa t  a co n s ta n t te m p e ra tu re  o f 22 C (72 F ) . A l l  r a ts  had 24-hour 'a d  
l i b i t u m ' access t o  w a te r and s ta n d a rd  la b o ra to ry  chow (CRM brand, fo r  
n u t r ie n t  c o n te n t see Appendix 1) . An im als re c e iv in g  th e  p a la ta b le  
d ie t  a ls o  had 24-hour 'a d  l ib i t u m ' access to  these  a d d it io n a l food  
ite m s , w h ich were p ro v id e d  f re s h  each day ( f o r  d e ta i ls  o f  p a la ta b le  
d ie t  see s e c t io n  2 . 8 .1 ) .
2 .7 'IN  VITRO' METHODS USED TO ASSESS CARDIOVASCULAR FUNCTION IN THE 
RAT
2 .7 .1 A o r t ic  s p i r a l  s t r i p
The p re p a ra t io n  procedure  was based on t h a t  d e sc rib e d  by
F u rc h g o tt and Bhadrakom (1953) fo r  th e  r a b b i t  a o r t ic  s t r i p .  The r a t
was s tunned by a blow to  th e  head and th e n  d e c a p ita te d  by
g u i l l o t in in g .  The a o r ta  was cu t th ro ugh  as c lo se  to  th e  h e a r t  as
p o s s ib le  and d is s e c te d  f r e e  to  th e  le v e l  o f th e  d iaphragm . I t  was
t ra n s fe r re d  to  a d is h  c o n ta in in g  K re b 's  s o lu t io n  (see s e c t io n
2 .2 .1 a )) and c u t  s p i r a l l y  to  produce a con tinuous  s t r i p  about 2mm
w ide and 20mm lo n g . A th re a d  was th e n  a tta c h e d  a t  each end and th e
op re p a ra t io n  mounted in  K re b 's  s o lu t io n  a t  a tem p e ra tu re  o f 37 C, 
a e ra ted  w ith  a m ix tu re  o f oxygen (95%) and carbon d io x id e  (5% ). One 
end o f th e  s t r i p  was a tta c h e d  to  a f ix e d  p in  in  th e  organ bath  and
th e  o th e r  to  th e  le v e r  o f an is o to n ic  tra n s d u c e r, connected t o  a 
W ashington 400 re c o rd e r .  The w e ig h tin g  on th e  le v e r  was a p p ro x im a te ly  
l g .  The p re p a ra t io n  was a llo w e d  to  e q u i l ib r a te  f o r  one hour b e fo re  
commencing th e  expe rim ent to  ensure th a t  th e  t is s u e  had re la x e d  
f u l l y .  Doses o f  n o ra d re n a lin e  (d is s o lv e d  in  K re b 's  s o lu t io n ,w ith  
0.05% w /v  a s c o rb ic  a c id  added as a n t io x id a n t)  were added to  th e  
organ ba th  and a lo g  dose v s . response curve  c o n s tru c te d  f o r  each 
p re p a ra t io n .  As th e  p re p a ra t io n  o n ly  reponded r e la t iv e ly  s lo w ly  and 
re q u ire d  a lo n g  t im e  to  r e tu rn  to  r e s t in g  c o n d it io n s  a f t e r  each dose, 
i t  was necessary to  use a lo n g  dose c y c le .  T h is  c o n s is te d  o f 3
m inu tes c o n ta c t t im e , fo llo w e d  by washing o u t o f th e  drug and 15
m inu tes re c o v e ry  tim e  ( a f t e r  th e  h ig h e r  doses a re co ve ry  p e r io d  o f  up
t o  30 m inu tes was o f te n  re q u ire d  f o r  f u l l  r e la x a t io n  o f  th e  s t r i p  to
r e s t in g  le n g th ) .  Graphs were c o n s tru c te d  and th e  EC50 o f 
n o ra d re n a lin e  (c o n c e n tra t io n  re q u ire d  t o  produce 50% maximal 
response) c a lc u la te d  f o r  each p re p a ra t io n . The mean v a lu e s  ( +. 
s .e .m .) were c a lc u la te d  f o r  t is s u e s  f ra n  le a n  (5 r a ts ,  o f fe re d  
la b o ra to ry  chow o n ly )  and d ie ta ry  obese (5 r a ts ,  o f fe re d  th e  
p a la ta b le  d ie t  i n  a d d it io n  t o  la b o ra to ry  chow). S tu d e n t's  t - t e s t  f o r  
grouped da ta  was used to  compare th e  means o f v a lu e s  f ra n  th e  two 
groups. For t h is  p re p a ra t io n  t is s u e s  f ra n  le a n  and obese an im a ls  were 
s tu d ie d  a f t e r  8 weeks o f  la b o ra to ry  chow w ith  o r w ith o u t  th e  
p a la ta b le  d ie t ,  r e s p e c t iv e ly .  N o rad re na line  was th e  o n ly  d rug used on 
th e  a o r t ic  s t r i p .
2 .7 .2 Is o la te d  p e rfu s e d  m e se n te ric  v a s c u la tu re
The method used was based on th a t  d e sc rib e d  by McGregor (1 9 6 5 ),
' w h ich in v o lv e d  th e  p e r fu s io n  o f  th e  is o la te d  m e s e n te r ic  v a s c u la r  bed
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w ith  K re b 's  s o lu t io n .  I t  may be used t o  s tudy  th e  c o n t r a c t i le
response to  drugs such as n o ra d re n a lin e  o r ,  i f  p re -c o n tra c te d  w ith ,  
-4f o r  example 10 M methoxamine, to  s tudy  re la x a n t drugs such as
a c e ty lc h o lin e  ( B y f ie ld  e t  a l ,  1986 ).
The r a t s  to  be used were h e p a r in is e d  (lOOU/lOOg body w e ig h t) ,
w h i ls t  under e th e r ana es th es ia . In  e a r ly  p re lim in a ry  s tu d ie s
n o n -h e p a r in is e d  an im a ls  were used. However some la rg e  b lood  c lo ts
tended t o  rem a in  in  th e  b lood  v e s s e ls , which m ig h t have in te r fe r e d
w ith  responses. T h e re fo re , h e p a r in is e d  r a ts  were used f o r  a l l  th e  ' in
v i t r o 1 t is s u e  s tu d ie s  re p o r te d  h e re . The r a ts  were k i l l e d  by c e rv ic a l
d is lo c a t io n  w h i ls t  s t i l l  under a na es th es ia . The carcasses were p laced
in  a sup ine p o s i t io n  and th e  abdomen opened f ra n  th e  diaphragm to  th e
le v e l  o f th e  b la d d e r. The in te s t in e s  were moved t o  one s id e  and kept
m o is t w i th  c o tto n  wool soaked in  K re b 's  s o lu t io n (s e e  s e c t io n  2 .2 .1 a ) ,
w h i ls t  th e  s u p e r io r  m e se n te ric  a r te r y  was cann u la ted  (see F ig .4 ) .  The
la rg e  a r t e r i a l  branch to  th e  caecum ( c o l i c  a r te ry )  was t ie d  o f f
b e fo re  rem oving  th e  m e se n te ric  v a s c u la tu re , com plete w ith  th e
s u rro u n d in g  c o n n e c tiv e  t is s u e ,  f ra n  th e  sm a ll and la rg e  in te s t in e s .
The p re p a ra t io n  was mounted in  an organ bath  ( in te r n a l measurements
60mm x  38mm x 22mm), m a in ta in e d  a t  37°C and p e rfu s e d  w ith  K reb 's  
os o lu t io n  a t  37 C, (see s e c t io n  2 .2 .1 a )  a t  a r a te  o f 5 m l/m in u te , us in g
a p e r i s t a l t i c  pump (see F ig .5 fo r  diagram  o f a p p a ra tu s ). For
in v e s t ig a t io n  o f  th e  responses to  v a s o c o n s tr ic to r  d rugs, such as
n o ra d re n a lin e , th e  t is s u e  was th e n  a llo w e d  to  e q u i l ib r a te  f o r  3 0
m inu tes , to  ensure f u l l  r e la x a t io n  had been ach ieved , b e fo re
commencing th e  dos ing  c y c le .  For re la x a n t drugs such as a c e ty c h o lin e ,
a f te r  th e  i n i t i a l  e q u i l ib r a t io n  p e r io d , th e  t is s u e  was th e n  pe rfu se d
-4  -3w ith  K re b 's  s o lu t io n  c o n ta in in g  10 M o r 10 M p h e n y le p h rin e  f o r  a
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fu r th e r  3 0 m inu tes , u n t i l  a steady v a s o c o n s tr ic t io n  was ach ieved  (see 
s e c t io n  3 .1 .7 )  .
Drugs, d is s o lv e d  in  K re b 's  s o lu t io n ,  were th e n  a d m in is te re d  to  
th e  p e r fu s a te  as b o lu s  in je c t io n s  v ia  an in je c t io n  p o r t .  The volume 
o f each in je c t io n  was kept co n s ta n t a t  lO p l to  e l im in a te  th e  e f fe c t  
o f  p re ssu re  changes induced by th e  added volum e. Responses were
re co rd e d , as mmHg, by a Narco B io -sys tem s Physiograph MK-IV, v ia  a
b lo o d  p re s s u re  tra n s d u c e r. The re c o rd e r and tra n s d u c e r were 
c a l ib r a te d  u s in g  a m ercury manometer b e fo re  each s e r ie s  o f
exp e rim e n ts . Log dose v s . response curves were c o n s tru c te d  and th e  
mean v a lu e s  f o r  b a s e lin e  p ressu re  and maximum response (as
in c re a se /d e c re a se  in  p re ssu re ) and (dose re q u ire d  t o  produce 50%
maximum reponse) d e te rm ined . Values f o r  le a n , obese, obese-reduced 
(b o th  d r u g - t r e a te d  o r  by w ith d ra w a l o f th e  p a la ta b le  d ie t ,  see 
s e c t io n  2 .8 . 6 ) ,  and c a f fe in e - t r e a te d  ra ts (s e e  s e c t io n  2 .8 .7 )  were 
de te rm ined . When th e  e f fe c ts  o f  d i f f e r e n t  c o n c e n tra tio n s  o f  potassium  
and ca lc iu m  in  th e  K re b 's  s o lu t io n  were be ing  s tu d ie d , th e
p re p a ra t io n  was p e rfu se d  w ith  each s o lu t io n  f o r  3 0 m inutes (see
s e c tio n s  2 .2 .1 a ) , c ) ,  and d ) ) and th e  peak p re s s u re , th e  p la te a u  
p re ssu re  and th e  tim e  to  reach p la te a u  p re ssu re  were reco rded  f o r
each s o lu t io n  in  tu r n .  For com parison o f  more th a n  one expe rim e n ta l
group w ith  one c o n t ro l group th e  D u n n e tt 's  t e s t  was used f o r
s t a t i s t i c a l  a n a ly s is  and where o n ly  t is s u e s  f ra n  le a n  and d ie ta ry  
obese a n im a ls  were compared th e  S tu d e n t's  t - t e s t  was used (see 
s e c t io n  2 .4 ) .
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co e liac  a r te ry
iuperior mesenteric  
a r te ry
aorta
l e f t
kidneyl e f t  ren a l ■ 
ve in  and
l e f t  ren a l a r te ry
p o s te rio r  
vena cava *
F ig . 4 Diagram showing anatom ical lo c a tio n  o f the  
superior m esenteric a r te ry .
( adapted from Rowett, 1979)
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F ig . 5 Diagram o f apparatus fo r  is o la te d  perfused  
mesenteric vasculature p rep a ra tio n .
G
PUMP







Key: G= gas in le t  (95% 0 5 %  C02)
I = in je c tio n  p o rt  
H= heating c o i l  (37°C)
T = pressure transducer
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2 .7 .3 Is o la te d  p e rfu se d  h e a r t
T h is  method I s  based on th e  Is o la te d  p e rfu s e d  r a b b i t  h e a r t  
p re p a ra t io n , f i r s t  d e sc rib e d  by La n g e n d o rff (1895) and la t e r  by 
B ro d le  and C u l l ls  (1908) and Gunn (1 9 1 3 ). I t  I s  a u s e fu l p re p a ra t io n  
f o r  s tu d y in g  c a rd io a c t iv e  drugs, as th e  e f fe c ts  on c o n t r a c t i l i t y  
( fo r c e  o f c o n tra c t io n )  , r a te  o f b e a tin g  and p e r fu s io n  p ressu re  
( r e f le c t in g  th e  s ta te  o f d i la t io n / c o n s t r ic t io n  o f  th e  co rona ry  
v e s s e ls )  can be m o n ito re d . The occurrence  o f any a rrh y th m ia s  can a ls o  
be d e te c te d .
The r a t  was h e p a r in is e d  and k i l l e d ,  as d e s c rib e d  in  s e c t io n
2 .7 .2 .  The h e a r t  was removed im m e d ia te ly , w ith  a t  le a s t  4-5mm le n g th
o f a o r ta  s t i l l  a tta ch e d  and p la ce d  in  a d is h  o f ic e -c o ld  K re b 's
s o lu t io n .  The h e a r t  was th e n  g e n tly  pressed s e v e ra l tim e s  to  remove
as much b lood  as p o s s ib le .  The a o r ta  was lo c a te d  and d is s e c te d  f r e e
and ca n n u la te d  w ith  a s ta in le s s  s te e l cannu la  w h ich was connected to
th e  p e r fu s io n  system (see F ig . 6 fo r  diagram o f a p p a ra tu s ). The
cannu la  was secured in  p lace  w ith  th re a d . The h e a r t  was th e n  pe rfu se d
ow ith  m o d if ie d  K re b 's  s o lu t io n  (see s e c t io n  2 .2 .1 b )  a t  37 C, a p p lie d
a t  a c o n s ta n t r a te  o f 10 m l/m in u te  by re tro g ra d e  a o r t ic  p e r fu s io n  ( th e
p ressu re  o f th e  f l u i d  c lo s e s  th e  a o r t ic  v a lv e ,  so th e  f l u i d  passes
o n ly  th rough  th e  co rona ry  v e s s e ls  and escapes f ra n  th e  in f e r io r  vena
ca va ). The h e a r t  was enc losed  by an open-ended h e a tin g  ja c k e t  
om a in ta in e d  a t  37 C. A th re a d  was a tta c h e d  t o  th e  base o f th e  l e f t  
v e n t r ic le  by a sm a ll n ic k e l p in -h o o k  and th e  fo rc e  o f c o n tra c t io n ,  
a g a in s t a 2 g basa l te n s io n , was reco rded  v ia  an is o m e tr ic  tra n s d u c e r, 
by a W ashington 400 re c o rd e r . A p re ssu re  tra n s d u c e r was connected 
p ro x im a l to  th e  a o r t ic  cannula  to  m o n ito r p e r fu s io n  p re ssu re , which 
was a g a in  reco rded  by a W ashington 400 re c o rd e r . H e a rt ra te  was
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c a lc u la te d  by m o n ito r in g  th e  c h a r t  speed f o r  th e  tra c e  m o n ito r in g  
c o n t r a c t i l i t y  o f th e  h e a r t .  Any v e n t r ic u la r  a rrh y th m ia s  (e c to p ic  
b e a ts , m issed b e a ts , v e n t r ic u la r  f i b r i l l a t i o n )  were a ls o  d e te c te d  on 
t h i s  t r a c e .  Drugs, d is s o lv e d  In  th e  m o d if ie d  K re b 's  s o lu t io n ,  were 
In tro d u c e d  v ia  an I n je c t io n  p o r t  p ro x im a l to  th e  a o r t ic  cannu la  In  a 
5 p l dose volum e and th e  fo l lo w in g  responses were re c o rd e d : 
c o n t r a c t i l i t y  ( g ) ,  h e a r t  r a te  (b e a ts /m ln u te ) , p e r fu s io n  p re ssu re  
(mmHg), v e n t r ic u la r  a rrh y th m ia s . A 10 m inute  In te r v a l  was a llo w e d  
between each dose ( f o r  bo th  n o ra d re n a lin e  and a c e ty lc h o l in e ) .
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PUMP
Kreb's so lu tio n
PT
RECORDER h e a rt
F ig .6 Diagram o f apparatus fo r  is o la te d  perfused  
h e a rt p rep ara tio n .
Key : H = heating  c o i l  (37 C)
I = in je c t io n  p o rt
J = open-ended heating ja c k e t (37°C) 
W= wheel (free -sp in n in g )
IT = isom etric  transducer 
PT= pressure transducer 
G = gas in le t  (95% 0 5 %  CO )^
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2.7 .4 Summary o f ' i n  v i t r o '  s tu d ie s  used
Tab le  2 .7 (1 )  sunm arises th e  ' i n  v i t r o '  p re p a ra t io n s  and drugs 
used t o  assess c a rd io v a s c u la r  fu n c t io n  in  le a n  and d ie ta ry  obese r a ts  
a f t e r  d i f f e r e n t  p e r io d s  o f  consum ption o f  la b o ra to ry  chew w ith  o r 
w ith o u t  th e  p a la ta b le  d ie t .
T ab le  2 .7( i )
P re p a ra tio n  A o r t ic  s p i r a l  
s t r i p
Weeks
Is o la te d  p e rfu s e d  Is o la te d  p e rfu se d
NAdr
m e se n te ric






_+ 2 +K /Ca












A b b re v ia t io n s  used:
NAdr = n o ra d re n a lin e  
5-HT = 5 -hyd roxy  t r y  p t  amine
EE = phe n y le p h rin e  (added to  K re b 's  s o lu t io n  t o  produce 
v a s o c o n s tr ic t io n ,  p r io r  to  d os ing  w ith  a c e ty lc h o lin e )
ACh = a c e ty lc h o lin e
+ 2 + +K /Ca = K re b 's  s o lu t io n  c o n ta in in g  65mM K
2 +and 3mM Ca (see  s e c t io n  2 .2 .1 )
X = n o t s tu d ie d
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2 .8 ' IN VIVO' METHODS USING THE DIETARY OBESE RAT
2 .8 .1 P ro d u c tio n  o f  d ie ta ry  o b e s ity  in  th e  r a t
A m o d if ie d  fo rm  o f th e  p a la ta b le  d ie t  used by S c la fa n i and 
S p rin g e r  (1976) was used in  th e  fo l lo w in g  s tu d ie s .  T h is  c o n s is te d  o f 
80g R ice  K r is p ie s ,  40g d ig e s t iv e  b is c u i t s ,  40g luncheon meat and 4Gg 
c h o c o la te  d a i ly ,  f o r  each group o f 6 r a ts .  L a b o ra to ry  chew and w a te r 
were a ls o  p ro v id e d  'a d  l i b i t u m ' .
The r a ts  were random ly assigned t o  groups and housed 6 to  a cage 
as d e s c r ib e d  e a r l ie r  (see s e c t io n  2 .6 .2 ) .  The p e l le ts  o f  la b o ra to ry  
chow were p laced  in  th e  fo o d  hopper in  each cage W ater was a ls o  
f r e e ly  a v a ila b le  f r a n  500ml b o t t le s  w h ich  were r e f i l l e d  each day. 
Fresh q u a n t i t ie s  o f  th e  p a la ta b le  fo o d  ite m s  were p la ce d  in  th e  cage 
d a i ly .  The amounts o f  each fo o d  were chosen such th a t  th e re  was 
a lw ays some excess l e f t  a f t e r  24 hours (see Appendix 1 fo r  th e  
n u t r ie n t  co n te n t o f th e  p a la ta b le  foods and chew ).
2 .8 .2 M o n ito r in g  o f  fo o d  and w a te r in ta k e
The m o n ito r in g  o f  w a te r in ta k e  was c a r r ie d  o u t d a i ly  by p la c in g  
500ml o f ta p  w a te r in t o  a w a te r b o t t le  (u s in g  a m easuring  c y l in d e r )  
and m easuring  th e  volum e re m a in in g  a f te r  each 24 hour p e r io d . The 
volum e consumed p e r r a t  per day was th e n  c a lc u la te d .  T h is  v a lu e  was 
needed when a d rug  was to  be g ive n  in  th e  d r in k in g  w a te r in  o rd e r to  
de te rm ine  th e  c o n c e n tra t io n  o f th e  drug  re q u ire d .  I t  was a ls o  used to  
m o n ito r  any e f fe c ts  o f  d ie t  a n d /o r drugs on f l u i d  in ta k e .
The m o n ito r in g  o f  in ta k e  o f la b o ra to ry  chow was c a r r ie d  o u t by 
p la c in g  a known w e ig h t o f chew in to  th e  hopper and th e n  w e ig h in g  th e  
q u a n t i ty  re m a in in g  a f t e r  the  24 hour fe e d in g  p e r io d . The m o n ito r in g  
o f  th e  in ta k e  o f th e  p a la ta b le  food  item s was d i f f i c u l t  i f  th e  r a ts
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were housed w ith  th e  norm al sawdust I n  th e  base o f th e  cages as fo o d  
ite m s  c o u ld  be o ve rlo o ke d  when c o l le c t in g  th e  rem ains a t  the  end o f  a 
24 hour p e r io d . For t h is  reason s o f t  b lue  t is s u e  paper was used to  
cover th e  base o f th e  cages, when m o n ito r in g  th e  in ta k e  o f the  
p a la ta b le  d ie t .  Weighed q u a n t i t ie s  o f  each fo o d  were p laced  in  th e  
cage. A f te r  th e  24 hour fe e d in g  p e r io d , th e  re m a in in g  fo o d  was 
removed and w e ighed. Measurements o f  fo o d  in ta k e  were th e n  made by 
c a lc u la t in g  th e  d if fe re n c e  between th e  w e ig h ts  o f each item  a t  the  
b e g in n in g  and th e  end o f  each 24 hour fe e d in g  p e r io d . C o rre c tio n s  
were made f o r  w e ig h t lo s s  due to  lo s s  o f  w a te r b e fo re  a b s o lu te  fo o d  
in ta k e  v a lu e s  were c a lc u la te d .  I t  was found  th a t  luncheon meat lo s t  
20% o f  i t s  w e ig h t th ro ugh  d e h y d ra tio n  d u r in g  any 24 hour p e r io d  under 
th e  c o n d it io n s  o f  tem p e ra tu re  and h u m id ity  in  th e  an im a l hous ing  
rocms, bu t t h a t  th e re  was no e f fe c t  on th e  o th e r  foods used in  these  
s tu d ie s .
2 .8 .3 C a rd io v a s c u la r  m o n ito r in g
a) T a i l  c u f f  method f o r  measurement o f s y s to l ic  b lood  p re s s u re .
A s tu d y  o f th e  l im i t a t io n s  o f  th e  t a i l  c u f f  method by F e r r a r i e t  
a l  (1986) conc luded  th a t  s y s to l ic  b lood  p re ssu re  measurements 
o b ta in e d  d i r e c t ly  ( v ia  an in d w e ll in g  cannu la ) and in d i r e c t ly  ( t a i l  
c u f f )  were c lo s e ly  s im i la r  w i th in  groups and th a t  th e  t a i l  c u f f  
method was th e re fo re  te c h n ic a l ly  a ccu ra te  f o r  s tu d y in g  groups o f 
r a ts .
A programmed electrosphygm cm ancm eter (Narco B io -S ystem s, Texas)
was used w ith  an in f la t a b le  t a i l  c u f f  (7 /1 6  inch  in te r n a l  d iam e te r)
and a pneum atic sensor and was a tta c h e d  to  a re c o rd e r (J J  CR650S).
oThe r a ts  were pre-warm ed, a t  36 jf 1 C  f o r  10 m inu tes , so th a t  f u l l
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d i la t io n  o f  th e  caudal a r te r ie s  was m a in ta in e d  th ro u g h o u t th e  
p ro ce d u re , thus f a c i l i t a t i n g  d e te c t io n  o f  th e  pu lse  (see specimen 
t r a c e ,  F ig .9 ) .  The r a ts  were t ra n s fe r re d  f ra n  th e  warm ing box to  a 
th e r m o s ta t ic a l ly  c o n t r o l le d  hea ted  r e s t r a ln e r  (36 +_ 1 °C ) . The t a i l  
c u f f  was p la ce d  as c lo se  to  th e  base o f th e  t a l l  as p o s s ib le ,  w ith  
th e  p n e u n a tic  sensor h e ld  l i g h t l y  in  p la ce  im m ed ia te ly  d is t a l  to  th e  
t a i l  c u f f .  The c u f f  was th e n  programmed to  in f l a t e  and d e f la te  a t  a 
r a te  o f 25mmHg/second up to  a p rede te rm ined  maximun v a lu e  o f 
150-200mmHg ( a t  le a s t  20mmHg h ig h e r  than  th e  s y s to l ic  b lood  p re ssu re  
o f th e  r a t  a t  th e  la s t  m o n ito r in g  s e s s io n ) . R ecord ing  was r e s t r ic t e d  
to  a 10 m inu te  p e r io d , d u r in g  w h ich  a t  le a s t  3 read ings  were 
o b ta in e d . Both th e  minimum and mean v a lu e s  f o r  each r a t ,  per sess ion , 
were used f o r  th e  c a lc u la t io n  o f mean b lood  p re ssu re  v a lu e s  f o r  
each group . The minimixn va lu e s  were used f o r  most c a lc u la t io n s  and 
s t a t i s t i c a l  ana lyses , as i t  was found  t h a t  th e  mean v a lu e  ( f o r  each 
r a t ,  per se ss io n ) c o u ld  be a l te r e d  c o n s id e ra b ly  by one 'o d d ' re a d in g , 
caused perhaps by tem porary s tre s s  (such as an unexpected lo u d  n o is e ) 
o c u r r ln g  a t  some p o in t  i n  th e  10 m inute  m o n ito r in g  p e r io d .  In  a lm ost 
a l l  cases th e  r a t  was q u ie t  and calm  f o r  p a r t  o f th e  m o n ito r in g  
p e r io d  and a re a d in g  o b ta in e d  a t  t h is  t im e  was u s u a lly  the  lc w e s t 
v a lu e  f o r  each m o n ito r in g  p e r io d .  I t  was assumed th a t  t h is  m inim im 
v a lu e  corresponded, as n e a r ly  as p o s s ib le ,  to  th e  b lood  p re ssu re  
v a lu e  w h ich  w ou ld  be o b ta in e d  i f  th e  an im a l was u n re s tra in e d .
The e f fe c ts  o f  h e a tin g  and r e s t r a in t ,  which are  in h e re n t to  t h is
method, need c o n s id e ra t io n .  The tem p era tu re  o f th e  pre -w arm ing  box,
and th e  le n g th  o f tim e  each r a t  spent in  th e  box, were s t r i c t l y
c o n t ro l le d  (36 + 1°C f o r  10 m in u te s ) . These v a lu e s  were chosen as th e
r e s u l t  o f e a r ly  p re lim in a ry  s tu d ie s  as be ing  th e  c o n d it io n s  which
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gave c le a r ,  re p ro d u c ib le  rea d in g s  a t  th e  lo w e s t te m p e ra tu re , u s in g  a 
f a i r l y  s h o r t  warm ing t im e . The tem p e ra tu re  o f th e  r e s t r a ln e r  and th e  
le n g th  o f tim e  each r a t  spent In  r e s t r a in t  w h i ls t  re a d in g s  were be ing  
ta k e n , were a ls o  kept co n s ta n t (36 +_ 1°C f o r  10 m in u te s ) . T h is  le n g th  
o f tim e  was chosen because th e  minimum b lood  p re ssu re  re a d in g  (w h ich  
i t  was assumed corresponded to  th e  ' le a s t  s tre s s e d ' v a lu e ) fo r  each 
r a t ,  in  any one re c o rd in g  p e r io d  was found  to  occur w i t h in  th e  f i r s t  
10 m inu tes  a f te r  be ing  p la ce d  in  th e  r e s t r a in e r .  Sane o f th e  an im a ls  
re q u ire d  a lm os t 10 m inu tes to  a c c lim a tis e  to  th e  c o n d it io n s  b e fo re  
t h e i r  b lo o d  p re ssu re  reached i t s  lo w e s t v a lu e . O ther an im a ls , 
however, gave a minimum re a d in g  e a r ly  in  th e  re c o rd in g  p e r io d  and 
became r e s t le s s ,  w ith  an in c rea se  in  b lood  p re s s u re , w ith  p ro longed  
r e s t r a in t .
b) M o n ito r in g  o f  h e a rt r a te
A ga in  u s in g  th e  t a i l  c u f f  method (see p re v io u s  s e c t io n ) ,  h e a r t 
ra te  was m o n ito re d  a t  th e  s t a r t  o f each b lood  p re ssu re  m o n ito r in g  
p e r io d  and a g a in  a t  th e  end. A fa s te r  c h a r t  speed (lOmm/sec) was used 
to  f a c i l i t a t e  these re a d in g s . The mean o f  th e  two v a lu e s  o b ta in e d  f o r  
each r a t ,  d u r in g  any one re c o rd in g  p e r io d , was used f o r  s t a t i s t i c a l  
a n a ly s is .
c) P r& - te s t  c o n d it io n in g
The p re -w arm ing  p rocedure , re q u ire d  f o r  th e  t a i l  c u f f  method o f 
m o n ito r in g  h e a r t  ra te  and b lood  p re s s u re , may cause some s tre s s  f o r  
th e  r a ts .  The r e s t r a in t  necessary, d u r in g  th e  a c tu a l re c o rd in g  p e r io d  
may a ls o  be a cause o f s t re s s .  The an im a ls  were a l l  s u b je c te d  to  a t  
le a s t  th re e  m o n ito r in g  sess ions  d u r in g  th e  week p r io r  to  th e  s t a r t  o f 
each s tu d y , in  o rd e r to  accustcm them to  be in g  hand led  and t o  th e  
warm ing and m o n ito r in g  p rocedu res . A p ro g re s s iv e  re d u c t io n  in  both
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b lo o d  p re s s u re  and h e a r t  r a te  v a lu e s  was observed d u r in g  t h is  
p re - tre a tm e n t c o n d it io n in g  week, a f te r  w h ich  th e  v a lu e s  s ta b i l is e d .
2 . 8 .4 The e f fe c t  o f th e  stage o f th e  oe s tro u s  c y c le  on b lood
p re ssu re  In  le a n  and d ie ta ry  obese r a ts .
Research conce rn ing  b lo o d  p re ssu re  v a r ia t io n  d u r in g  th e  
m e n s tru a l c y c le  has y ie ld e d  c o n f l i c t in g  and n o n -c o n c lu s iv e  r e s u l t s .  
In  a re v ie w  by P h i l l ip s  (1 9 6 8 ), sane re p o r te d  a c y c l ic a l  v a r ia t io n  
in  b lood  p re s s u re , w ith  a maximum o c c u r r in g  d u r in g  th e  week p r io r  to  
m e n s tru a tio n  (J a c o b i, 1876; K ing , 191 4 ), however, in  some s tu d ie s  th e  
v a r ia t io n  was found  to  be no g re a te r than  th a t  o c c u r r in g  by chance 
(Moore & Cooper, 1923 ), w h ile  o th e rs  concluded t h a t  th e re  was l i t t l e  
o r  no s ig n i f ic a n t  change in  b lood  p re ssu re  th ro u g h o u t th e  c y c le
( G r i f f i t h ,  1 9 2 9 ). A more re c e n t p u b lic a t io n  by Greenberg (1985)
dem onstra ted  a s ig n i f ic a n t  e le v a t io n  in  b lood  p re ssu re  d u r in g  days 
17-26 o f  th e  c y c le  th a n  d u r in g  th e  o th e r days o f  th e  c y c le  in  one 
s tu d y . However, th e  r e s u l t s  o f  a second s tu d y  ( re p o r te d  in  th e  same 
paper) showed no c y c l ic a l  change in  b lood  p re ssu re  le v e ls .
Many o f th e  an im a l s tu d ie s  re p o r te d  he re  in v o lv e d  th e  re g u la r ,  
repea ted  measurement o f th e  b lood  p re ssu re  o f groups o f  fem a le  r a ts  
ove r s e v e ra l weeks. The va lu e s  o b ta in e d  were compared bo th  w i th in  th e  
groups (changes w ith  tim e ) and between groups (changes w ith  d rug 
tre a tm e n t o r d ie ta ry  m a n ip u la t io n ) . Thus, i t  was apparen t th a t  th e  
r a ts  w o u ld  be a t  d i f f e r e n t  s tages o f  th e  oe s tro u s  c y c le  when th e  
re a d in g s  were made. T h e re fo re , i t  was cons ide red  im p o rta n t to  
de te rm ine  w hether th e re  were any o es trous  c y c le - l in k e d  changes
o c c u r r in g  in  th e  b lood  p re ssu re  o f th e  r a ts  b e fo re  any o th e r s tu d ie s  
were commenced. T h is  was in v e s t ig a te d ,  a t  th e  s t a r t  o f th e
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e xp e rim e n ta l w o rk  (b e fo re  th e  s tu d ie s  o f  w e ig h t g a in , w e ig h t lo s s  and 
c a f fe in e  a d m in is t r a t io n ) ,  as d e sc rib e d  below .
12 fem a le  W is ta r  r a ts  o f  i n i t i a l  w e ig h t range 209-264g (mean=
235.00 £  4 .8 9 ) were m o n ito re d  f o r  two c y c le s . The r a ts  were weighed 
d a i ly  to  d e te c t any p o s s ib le  c y c l ic a l  v a r ia t io n  in  w e ig h t. Body 
w e ig h t changes in  th e  r a t  have been re p o r te d  to  be n e g a tiv e  d u r in g  
th e  p ro -o e s tru s  phase but p o s i t iv e  d u r in g  th e  o th e r th re e  phases 
(Agadah, 1 9 8 5 ); t h i s  b e in g  t ru e  f o r  bo th  le a n  (chow -fed ) and d ie ta ry  
obese r a ts .  B lood p re s s u re  measurements were reco rded  each m orn ing , 
as d e s c r ib e d  in  s e c t io n  2 .8 .3 ,  and v a g in a l smears were o b ta in e d  to  
de te rm ine  th e  stage o f the  o es trous  c y c le  (based on th e  techn ique  
d e s c r ib e d  by W ayn fo rth , 1 9 8 0 ). A s ta in le s s  s te e l lo o p  was flam ed  and 
coo led  and th e n  d ipped  in t o  w a te r . A sm a ll sample o f c e l ls  frcm  the  
v a g in a l w a l l  was o b ta in e d  by g e n tle  s c ra p in g  and th e  m o is t sc rap in gs  
smeared o n to  a m icroscope  s l id e .  The s l id e s  were a llo w e d  to  a i r  d ry  
b e fo re  s ta in in g  w i th  0.1% m ethylene b lue  s o lu t io n .  The s u rp lu s  
s o lu t io n  was c a r e fu l ly  removed f ra n  th e  s l id e  by h o ld in g  i t  under a 
ru n n in g  ta p .  The s l id e s  were then  a llo w e d  to  d ry  aga in  and th e n  
examined under a m ic roscope . The s tages o f  th e  o e s tro u s  c y c le  were 
d e fin e d  h is t o lo g ic a l l y  as fo l lo w s :  p ro -o e s tru s  -  p re d o m in a n tly
n u c le a te d  e p i t h e l i a l  c e l ls ,  w ith  some po lym orphnuc lear le u c o c y te s , a 
few c o r n i f ie d  c e l ls  and s t r in g y  mucus a ls o  p re se n t o n ly  d u r in g  e a r ly  
p ro -o e s tru s ;  o e s tru s  -  c o r n i f ie d  e p i t h e l ia l  c e l ls  o n ly  p re se n t, 
except in  th e  v e ry  e a r ly  s tages, when a few ir re g u la r ly -s h a p e d  
n u c le a te d  c e l l s  may a ls o  be seen; m e to es trus  -  a m ix tu re  o f n u c le a te d  
e p i t h e l ia l  c e l ls ,  c o r n i f ie d  e p i t h e l ia l  c e l ls  and le u c o c y te s ; 
d io e s tru s  -  m o s tly  po lym orphnuc lear le u c o c y te s  p re se n t w ith  l i t t l e  o r 
no mucus.
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B lood p ressu re  measurements were made between 0 9.00 and 11.00 
each day and th e  v a g in a l smear te s ts  Im m ed ia te ly  a f t e r ,  to  a v o id  any 
p o s s ib le  c ir c a d ia n  v a r ia t io n s  a f fe c t in g  th e  r e s u l t s .  The b lood  
p re s s u re  read ings  o b ta in e d  a t  d i f f e r e n t  s tages o f  th e  o e s tro u s  c y c le  
were compared.
D ie t in g  has been shown to  a f fe c t  th e  m e n s tru a l c y c le  o f h e a lth y  
young wcmen (P irk e  e t  a l ,  1985) and I t  I s  known t h a t  d ie ta ry  In ta ke  
v a r ie s  c y c l i c a l ly  in  wanen a c c o rd in g  t o  th e  stage o f th e  m e ns trua l 
c y c le  ( D a lv i t t - M c P h i l l ip s ,  1983? K irb y  & Agadah, 1 9 8 6 ). T h e re fo re , 
fo o d  in ta k e  and th e  m ens trua l c y c le  appear to  be c lo s e ly  l in k e d .  An 
o e s tru a l rhythm in  fe e d in g , which spans a p e r io d  o f  4 to  5 days, has 
been shewn in  th e  r a t  (T e r Haar, 1 9 7 2 ). Food in ta k e ,  and in  
p a r t ic u la r  ca rboh yd ra te  in ta k e , has been shown to  a f fe c t  b lood  
p re s s u re  In m a n  (A ffa ra h  e t  a l ,  1 98 6 ). I t  was th e re fo re  cons ide red  
p o s s ib le  th a t  any b lood  p re ssu re  v a r ia t io n  a s s o c ia te d  w ith  an 
o e s tru a l rhythm  m ig h t be a lte re d ,  in  th e  d ie ta ry  obese r a ts ,  w ith  
t h e i r  h ig h e r  energy (and h ig h e r  ca rb o h yd ra te ) in ta k e  compared w ith  
le a n  r a ts .  T h e re fo re , a second s tu d y  o f b lood  p re s s u re  and th e  
o e s tro u s  c y c le  was c a r r ie d  o u t, us in g  th e  same methods as b e fo re  w ith  
6 d ie ta r y  obese r a ts .  The mean w e ig h t o f these r a ts  a t  th e  s t a r t  o f 
th e  s tudy  was 278.67 +. 10.57g (range 246 -3 13g ). A ga in , two com plete
c y c le s  were fo llc w e d .
2 .8 .5 Study to  in v e s t ig a te  th e  e f fe c ts  o f  th e  s o d iu m -r ic h  p a la ta b le  
d ie t  on plasma sod iun and potassium  le v e ls .
The evidence f o r  a r o le  f o r  sodium and potassium  in  th e  
a e t io lo g y ,  p re v e n tio n  and tre a tm e n t o f h y p e rte n s io n  has been 
d iscussed  in  s e c t io n  1 .5 .  N u t r i t io n a l  a n a ly s is  o f  th e  d a i ly  food
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in ta k e  o f th e  r a ts  (see s e c t io n  3 .1 .1 )  showed th a t  those o f fe re d  th e  
p a la ta b le  d ie t  consumed f ra n  th re e  to  f i v e  tim es  more sodiun than
those  g ive n  chew o n ly .  T h is  i s  i n  agreement w ith  e a r l ie r  s tu d ie s
u s in g  t h i s  d ie ta ry  obese r a t  model (K irb y ,  1 9 8 4 ). T h is  was m a in ly  due 
to  th e  h ig h  sodium c o n te n t o f  th e  most p re fe r re d  fo o d  ite m , R ice 
K r is p ie s  (see Appendix 1 ) .  I t  i s  p o s s ib le  th a t  th e  h ig h  sodium 
c o n te n t o f th e  d ie t  may have a f fe c te d  th e  c a rd io v a s c u la r  fu n c t io n  o f 
th e  d ie ta r y  obese r a ts .  In  o rd e r to  g a in  a g re a te r  un d e rs ta n d in g  o f  
the  e f fe c ts  t h i s  h ig h e r  sodium in ta k e  m ig h t have had in  th e  d ie ta ry
obese r a ts ,  plasma sodium and potassium  c o n c e n tra tio n s  were 
de te rm ined  f o r  these r a ts  and th e  v a lu e s  compared w ith  those f o r  
age-m atched chow -fed  c o n t ro ls .  Va lues were a ls o  de te rm ined  f o r  
p re v io u s ly  d ie ta ry  obese r a ts  (4 weeks p a la ta b le  d ie t )  whose w e ig h t 
had th e n  been reduced by th e  w ith d ra w a l o f th e  p a la ta b le  d ie t  ( f o r  a 
f u r th e r  4 w eeks).
Serum sodium le v e ls  have been shown to  c o r re la te  s ig n i f ic a n t l y  
w ith  b lood  p re ssu re  in  m o rb id ly  obese p a t ie n ts  (N a n ji & Freeman, 
1985 ), and as th e  mean b lood  p re ssu re  v a lu e s  f o r  groups o f  d ie ta ry  
obese r a ts  have been shown to  be h ig h e r  th a n  th e  v a lu e s  f o r  le a n  
c o n t ro ls  (K ir b y ,  198 4 ), i t  was cons ide red  to  be o f in te r e s t  to  
in v e s t ig a te  any d if fe re n c e s  in  plasma sodium le v e ls  between these  
groups. The exp e rim e n ta l p rocedure  was as d e sc rib e d  be lcw .
Female W is ta r  r a ts  (180-220g) were random ly ass igned to  groups 
and housed s ix  t o  a cage. H a lf  o f th e  r a ts  re c e iv e d  th e  p a la ta b le  
d ie t  i n  a d d it io n  to  la b o ra to ry  chow and w a te r , and th e  o th e r h a l f  
re c e iv e d  chow and w a te r o n ly .  A f te r  1 , 2 , 3 , 4 , 8 and 20 weeks r a ts  
were ta ke n  and b lood  samples removed f o r  a n a ly s is  by flam e pho tom etry  
(see s e c t io n  '2 .3 ) .  A f te r  4 weeks o f re c e iv in g  th e  p a la ta b le  d ie t  in
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a d d it io n  t o  chow p lu s  w a te r one group o f  r a ts  th e n  had th e  p a la ta b le  
d ie t  w ith d ra w n  f o r  4 weeks and th e y  re c e iv e d  chow p lu s  w a te r o n ly . 
A f te r  th e  4 week w ith d ra w a l p e r io d , b lood  samples were removed f ra n  
these r a ts  and ana lysed  as d e sc rib e d  e a r l ie r .
2 .8 .6 Methods o f  w e ig h t re d u c t io n
a) W ithdraw a l o f th e  p a la ta b le  d ie t
Groups o f r a ts  were o f fe re d  th e  p a la ta b le  fo o d  item s (as 
d e s c rib e d  in  2 .8 .1 in  a d d it io n  t o  la b o ra to ry  chow. A f te r  4 weeks th e  
r a ts  who had re c e iv e d  th e  p a la ta b le  d ie t  were s ig n i f ic a n t l y  h e a v ie r 
th a n  groups o f age-matched c o n t ro ls  who had re c e iv e d  o n ly  chew. The 
p a la ta b le  foods were th e n  w ith  e ld  f ra n  th e  d ie ta ry  obese groups f o r  4 
weeks. The c a rd io v a s c u la r  param eters o f  h e a r t  ra te  and b lood  p re ssu re  
were m o n ito re d  th ro u g h o u t th e  8 weeks o f th e  s tudy and a t  the  end o f 
th e  s tudy  th e  an im a ls  were k i l l e d  and th e  plasma and is o la te d  t is s u e s  
s tu d ie d  (see s e c tio n s  2 .3 ,  2 .7 .2  and 2 .7 .3 )
b) D a ily  a d m in is t ra t io n  o f amphetamine (5m g/kg)
Groups o f r a ts  were o f fe re d  th e  p a la ta b le  foods in  a d d it io n  to  
la b o ra to ry  chow and w a te r f o r  4 weeks, a f te r  w h ich  tim e  they  were 
s ig n i f ic a n t l y  h e a v ie r than  chcw -fed  c o n t r o ls .  Water in ta k e  was 
m o n ito re d  d a i ly  and u s in g  th e  v a lu e  o f th e  mean volume o f w a te r 
consumed d a i ly  per r a t ,  and th e  mean w e ig h t o f th e  r a ts  in  each 
group, th e  c o n c e n tra t io n  o f amphetamine in  th e  d r in k in g  w a te r 
re q u ire d  t o  produce a d a i ly  dose o f 5mg/kg body w e ig h t was 
c a lc u la te d .  T h is  dose was chosen as i t  had been shown t o  produce 
e f fe c t iv e  w e ig h t lo s s  in  d ie ta ry  obese r a ts  in  s tu d ie s  by Fleece 
(1 9 8 0 ). The r a ts  were th e n  g ive n  5mg/kg amphetamine (d is s o lv e d  in  th e  
d r in k in g  w a te r )  d a i ly  fo r  4 weeks. The p a la ta b le  d ie t  was p ro v id e d
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d a i ly  as b e fo re , in  a d d it io n  t o  chow and w a te r . Water consum ption was 
m o n ito re d  d a i ly  th ro u g h o u t th e  8 weeks o f  th e  s tu d y , w h ile  fo o d  
in ta k e  was m o n ito re d  o n ly  once (d u r in g  week 7) as th e  e f fe c ts  o f  
amphetamine on fo o d  in ta k e  in  d ie ta ry  obese r a ts  have been f u l l y  
in v e s t ig a te d  in  e a r l ie r  s tu d ie s  (P le ece , 1980; Agadah, 1 98 5 ). Body 
w e i<£ it, h e a r t  r a te  and s y s t o l ic  b lood  p re ssu re  were m o n ito re d  w eek ly  
th ro u g h o u t th e  s tu d y . A t th e  end o f  th e  8 weeks o f th e  s tudy  th e  r a ts  
w ere k i l l e d  and th e  is o la te d  h e a r t  and m e s e n te r ic  bed s tu d ie d  (see 
s e c t io n s  2 .7 .2 and 2.7 .3 ) .
c) D a ily  a d m in is t ra t io n  o f  fe n f lu ra m in e  (lO m g/kg)
The e xp e rim e n ta l p rocedure  was e s s e n t ia l ly  th e  same as f o r  
amphetamine (see s e c t io n  2 .8 .6 b )  ) b u t lOm g/kg fe n f lu ra m in e  (race m ic  
m ix tu re )  was g iv e n . The dose was chosen because i t  had been shewn to  
produce e f f e c t iv e  w e ig h t lo s s  in  d ie ta ry  obese r a ts  i n  e a r l ie r  
s tu d ie s  (P le e c e , 1980 ; Agadah, 1 9 8 5 ). The drug was a g a in  g ive n  in  th e  
d r in k in g  w a te r ,  a t  a c o n c e n tra t io n  such th a t  a d a i ly  dose o f lOm g/kg 
was ta k e n . F en flu ra m in e  s ig n i f ic a n t l y  reduced f l u i d  in ta k e  and i t  was 
th e re fo re  necessary to  a d ju s t  th e  c o n c e n tra t io n  o f  d rug  in  th e  w a te r 
a c c o rd in g ly .  A lthough  t h is  e f fe c t  d im in is h e d  s l i g h t l y  as th e  s tudy  
p rog ressed , f l u i d  in ta k e  s t i l l  remained somewhat depressed th ro u g h o u t 
th e  e n t i r e  s tu d y . The drug  was g ive n  by d i r e c t  o ra l dose f o r  fo u r  
c o n s e c u tiv e  days i n  th e  second week o f  d rug  tre a tm e n t, to  d is c o v e r 
whether t h is  e f f e c t  on f l u i d  In ta k e  was due to  an u n p a la ta b le  ta s te  
o f the  fe n f lu ra m in e .  However, f l u i d  in ta k e  rem ained depressed d u r in g  
th e  p e r io d  o f  d i r e c t  o ra l dos ing  and i t  was th e re fo re  assumed th a t  
t h is  was an i n t r i n s i c  e f f e c t  o f th e  d rug . T h e re a fte r ,  th e  drug was 
th e n  a g a in  g iv e n  in  th e  d r in k in g  w a te r.
108
d) D a ily  a d n in is t r a t io n  o f  roazlndol ( 4mg/kg)
The p rocedure  was s im ila r  to  t h a t  d e s c rib e d  f o r  fe n f lu ra m in e  and 
amphetamine. The o n ly  d if fe re n c e  be in g  th e  method o f  a d m in is t ra t io n  
o f  th e  d rug . M azindol was found  t o  have a low  s o lu b i l i t y  in  w a te r and 
i t  was n o t p o s s ib le  to  d is s o lv e  i t  i n  th e  d r in k in g  w a te r in  th e  
c o n c e n tra t io n  necessary to  ach ieve  th e  re q u ire d  dose o f 4mg/kg. I t
a ls o  proved t o  be In s o lu b le  in  w eak ly  a c id ic  aqueous s o lu t io n s .
However, i t  was found  to  produce a c o l lo id a l  suspension in  a d i lu t e  
(10%) s o lu t io n  o f  e th a n o l. The suspension was made by f i r s t  
suspending th e  m azindo l in  a sm a ll vo lune  o f a b s o lu te  a lc o h o l ( 10% 
f i n a l  v o lu n e ) . T h is  produced a 'm i lk y ' suspension . The w a te r was th e n  
added d ropw ise , w h ile  th e  m ix tu re  was a g ita te d  c o n s ta n t ly .  The 
r e s u l t in g  suspension  was n o t v e ry  s ta b le  and had to  be shaken b e fo re  
th e  w ith d ra w a l o f each dose volume, to  resuspend th e  drug and ensure 
u n ifo rm ity  o f dose. The dose o f 4mg/kg was chosen because i t  had 
proved  t o  be e f fe c t iv e  in  p ro d u c in g  w e ig h t lo s s  in  d ie ta ry  obese r a ts  
i n  e a r l ie r  s tu d ie s  (P leece , 198 0 ), and i t  was g ive n  in  a volume o f
0 .25-0 .30ml o f the  suspension. A second group o f  r a ts  were t re a te d
id e n t ic a l ly  to  th e  f i r s t ,  bu t o ra l dosed w ith  th e  v e h ic le  o n ly  (dose 
vo lu n e  0 .3 0 m l) ,  to  check f o r  any e f fe c ts  produced by th e  dos ing  
method a n d /o r th e  v e h ic le .
2 .8 .7 The e f fe c ts  o f  25mq/kq and 50mq/kq c a f fe in e  d a i ly ,  w ith  and 
w ith o u t th e  p a la ta b le  d ie t .
The purpose o f th e  s tudy  d e sc rib e d  belcw was to  see w hether the  
p a la ta b le  d ie t  (see s e c t io n  2 .8 .1 ) ,  w ith  i t s  h ig h  f a t  and sod iun  
co n te n t w ou ld  a l t e r  any c a rd io v a s c u la r  e f fe c ts  o f  two doses o f 
c a f fe in e  in  fem a le  W is ta r  r a ts .  The doses used were 25mg/kg and
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50m g/kg, g iv e n  d is s o lv e d  i n  th e  d r in k in g  w a te r .
The groups o f  a n im a ls  used were as fo l lo w s :  le a n , chow -fed
c o n t ro l r a ts  ( L ) ;  d ie ta r y  obese r a ts ,  re c e iv in g  th e  p a la ta b le  d ie t  in  
a d d it io n  to  chow (D ) ;  le a n  r a ts  (chow -fed ) r e c e iv in g  25mg/kg c a f fe in e  
d a i ly  (LC 25 ); d ie ta r y  obese r a ts  (p a la ta b le  d ie t  p lu s  chew) r e c e iv in g  
2 5 m g /c a ffe in e  d a i ly  (DC25); le a n  r a ts  (ch cw -fe d ) r e c e iv in g  50mg/kg 
c a f fe in e  d a i ly  (LC 50 ); d ie ta r y  obese r a ts  (p a la ta b le  d ie t  p lu s  chow) 
re c e iv in g  50mg/kg c a f fe in e  d a l ly  (DC50), (n  = 12 fo r  each g ro u p ).
A cco rd in g  t o  f ig u r e s  quo ted  by Yeh e t  a l  (1 9 8 6 ), th e  doses o f
25mg/kg and 50mg/kg in  th e  r a t  a re  e q u iv a le n t to  340mg and 680mg in  a
man w e ig h in g  70kg, i f  th e  conve rs ion  i s  based on m e ta b o lic  body 
0 .7 5w e ig h t (k g  a ) as d e s c r ib e d  by K le ib e r  (1 9 6 1 ). I f  i t  i s  assumed th a t  
an 'a v e ra g e ' cup o f  c o f fe e  may c o n ta in  a p p ro x im a te ly  85mg c a f fe in e  
(see Append ix 3 ) ,  th e n  th e  doses o f  2 5mg/kg and 50mg/kg d a i ly  in  th e  
r a t  a re  e q u iv a le n t to  th e  consixnption o f 4 and 8 cups o f  c o ffe e  d a l ly  
by a 70kg man. A d m in is t ra t io n  o f the  c a f fe in e ,  w ith  and w ith o u t  th e  
p a la ta b le  d ie t ,  was c o n tin u e d  f o r  4 weeks. D u ring  t h is  p e r io d  w e ig h t, 
s y s to l ic  b lo o d  p re s s u re  and h e a r t  ra te  were m o n ito re d  each week. In  
a d d it io n  f l u i d  in ta k e  was reco rded  d a i ly  and fo o d  in ta k e  was a ls o  
m o n ito re d . A f te r  4 weeks th e  r a ts  were k i l l e d  and th e  is o la te d  h e a rts  
and m e s e n te r ic  beds s tu d ie d  as d e sc rib e d  e a r l ie r  (see s e c t io n  2 .7 .2  
and 2.7 .3 ) .
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Chapter 3 : RESULTS
CHAPTER 3 : RESULTS 
3 .1 THE EFFECTS OF * AD LIBITUM' ACCESS TO A VARIED PALATABLE DIET
Whenever a p e r io d  o f  weeks i s  quo ted  in  t h is  s e c t io n , i t  r e fe r s  
t o  th e  nunber o f  weeks f ra n  th e  s t a r t  o f th e  s tu d y , th a t  is ,  th e  
number o f weeks t h a t  th e  r a t  has re c e iv e d  chow w ith  o r w ith o u t  th e  
p a la ta b le  d ie t .
3 .1 .1  Food and w a te r in ta k e  in  r a ts  w ith  o r w ith o u t  th e  p a la ta b le  
d ie t
Food in ta k e  was m o n ito re d  r e g u la r ly ,  as d e sc rib e d  in  s e c t io n  
2 .8 .2 ,  over 16 weeks. A summary o f 24 -hour fo o d  in ta k e ,  expressed 
bo th  as g ra m s /m illig ra m s  (g/m g) o f  v a r io u s  n u t r ie n ts  and energy in  
k i lo c a lo r ie s  ( k c a l)  is  g ive n  in  Tab le  3 . 1 ( i ) .  These v a lu e s  were 
c a lc u la te d  f o r  th e  la b o ra to ry  chew fra n  th e  m a n u fa c tu re rs  da ta  (see 
Appendix 1) and f o r  the  p a la ta b le  fo o d  ite m s  frcro  "McCance and 
W iddow son 's: The C om position o f  Foods” (P au l e t a l ,  197 8 ) (see
Appendix 1 ) .
The energy in ta k e  f o r  both  le a n  and obese r a ts  f e l l  d u r in g  th e  
course o f th e  s tu d y . The decrease in  energy in ta k e  frcm  Week 1 to  
Week 16 was a p p ro x im a te ly  25% fo r  th e  le a n  r a ts  and a p p ro x im a te ly  40% 
fo r  th e  d ie ta r y  obese r a ts .  The in ta k e  o f a l l  n u t r ie n ts  a ls o  f e l l  
d u r in g  t h is  p e r io d ,  fo l lc w in g  a s im ila r  p a t te rn .
Rats o f fe re d  th e  p a la ta b le  d ie t  in  a d d it io n  to  chow showed a 
g re a te r  energy in ta k e  th ro u g h o u t th e  16 weeks, compared to  chcw -on ly  
fe d  le a n  c o n t r o ls ,  consuming a p p ro x im a te ly  150 to  200% o f  th e  energy 
in ta k e  o f th e  le a n  c o n t ro ls .  Carbohydrate in ta k e  was g re a te r  in  th e  
d ie ta ry  obese r a t s  th a n  in  th e  le a n  c o n tro ls  th ro u g h o u t th e  s tu d ie s ,
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b e in g  187 .77% o£ th e  in ta k e  o f th e  le a n  r a ts  d u r in g  week 1 and 
152.14% o f  th e  le a n  r a ts  d u r in g  week 16. There was a f a l l  in  
c a rb o h yd ra te  in ta k e  d u r in g  th e  s tudy fo r  bo th  le a n  and d ie ta ry  obese 
r a ts .  However, th e  decrease was g re a te r in  th e  obese r a ts  (17 .65g  per 
r a t  per day in  week 1 to  10 .33g in  week 16 fo r  th e  obese r a t s  and 
9 .40g  in  week 1 to  6.7 9g in  week 16 fo r  th e  le a n  r a t s ) .
The In ta k e  o f f a t  by th e  d ie ta ry  obese r a ts  v a r ie d  between 400 
and 670% o f  th a t  o f th e  le a n  r a ts  d u r in g  th e  16 weeks o f  th e  s tu d y . 
T h is  g re a te r  r e la t iv e  in ta k e  o f f a t  shewed no decrease th ro u g h o u t th e  
s tu d / .  The In ta k e  o f p ro te in  by th e  d ie ta ry  obese r a ts  was between 60 
and 70% o f  th a t  o f le a n  c o n t ro ls ,  th ro u g h o u t th e  16 weeks o f  the  
s tudy  p e r io d .  The in ta k e  o f d ie ta ry  f ib r e  was a ls o  c o n s is te n t ly  
h ig h e r i n  th e  d ie ta ry  obese r a ts  compared w ith  le a n .
Sodium in ta k e  in  th e  d ie ta ry  obese r a ts  was a p p ro x im a te ly  3 00 to  
450% t h a t  o f  th e  le a n  r a ts  th ro u g h o u t th e  16 weeks, which was 
p ro b a b ly  th e  m a jo r cause o f th e  g re a te r  f l u i d  in ta k e  by t h is  group 
(see b e lo w ). The g re a te r  in ta k e  o f sodium was m a in ly  due to  th e  h ig h  
sodium c o n te n t o f th e  most p re fe r re d  fo o d , R ice K r is p ie s  (see 
Appendix 1 ) •
Potassium  in ta k e  in  th e  d ie ta ry  obese r a ts  was o n ly  40 to  50% o f 
th a t  o f th e  le a n  r a ts  th ro u g h o u t th e  16 weeks o f  th e  s tu d y . T h is  was 
due to  th e  f a c t  th a t  th e  la b o ra to ry  chow (CRM brand) had a much 
h ig h e r  p o ta s s iu n  c o n te n t th a n  any o f th e  p a la ta b le  fo o d  ite m s  (see 
Appendix 1 ) .  Calcium in ta k e  was a ls o  g re a t ly  reduced in  th e  d ie ta ry  
obese r a ts ,  a t  o n ly  20 to  3 0% o f  th a t  o f th e  le a n  r a ts .  T h is  reduced 
in ta k e  p e rs is te d  th ro u g h o u t th e  s tudy and was due to  th e  much le w e r 
ca lc ium  c o n te n t o f th e  p a la ta b le  fo o d  ite m s  th a n  th a t  o f th e  
la b o ra to ry  chew (see Appendix 1 ) .
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T a b le  3 . ! (  i )
Summary o f d a l ly  In ta k e  o f v a r io u s  n u t r ie n ts  d u r in g  th e  16 weeks o f 
s tu d y  in  r a t s  o f fe re d  la b o ra to ry  chow w ith  (D ie ta ry  Obese) o r  w ith o u t 
(Lean) a v a r ie d  p a la ta b le  d ie t .  A l l  va lu e s  expressed p e r r a t .
Lean D ie ta ry  Obese
Week 1
Energy ( k c a l)  
C arbohydra te  (g ) 
F a t (g )
P ro te in  (g )
F ib re  (g )
Sodium (mg) 
Potassium  (mg) 
Calcium  (mg)
Week 2
Energy ( k c a l)  
C arbohydra te  (g )  
F a t (g )
P ro te in  (g )
F ib re  (g )
Sodium ( mg) 
Potassium (mg) 



















17 .6 5 






82 .3 9 
15.99






D ie ta ry  obese 



















Energy ( k c a l)  
C arbohydra te  (g ) 
F a t (g )
P ro te in  (g )
F ib re  (g )
Sodium (mg) 
Potassium  (mg) 
Calcium  (mg)
Week 4
Energy ( k c a l)  
C arbohydra te  (g ) 
F a t (g )
P ro te in  (g )
F ib re  (g )
Sodiun (mg) 
Potassium  (mg) 
Calcium (mg)
Week 8
Energy ( k c a l)  
C arbohydrate  (g ) 
F a t (g )
P ro te in  (g )
F ib re  (g )
Sodium (mg) 
Potassium  (mg) 
Calcium (mg) 
CONTINUED OVERLEAF
37 .89 70.82 186 .91
7 .56 14.21 187 .96
0.32 1 .31  409.38
2.40 1 .59  66 .25
0.4 8 0 .80 166 .67
34.07 173 .19 508.34
91.2 5 46 .6 9 51.17
97 .33 24.12 24.7 8
45.16 81.14 17 9.67
9.01 16.15 179.25
0.38 1 .54  405.26
2.86 1.89 66 .08
0.57 0.93 163.16
40 .60 180 .7 5 445.20
108.75 56 .43 51.89
116 .00 33 .72 29.07
43 .42 86 .25 198.64
8 .6 6  15.11 174.4 8
0.37 2.48 670.05
2.75 1.94 70.55
0.55 0 .93 168.18
42.58 185 .78 436 .30
114.06 51.18 44.87
121.67 25.44 20 .91
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Week 12
Energy ( k c a l) 43 .6 8 65.42 149.77
C arbohydra te  (g ) 8.7 2 11.43 131.0 8
F a t (g ) 0.37 1.83 494.59
P ro te in  (g ) 2.77 1.54 55 .60
F ib re  (g ) 0.55 0.64 116 .36
Sodiun (mg) 42.84 148.18 345.88
Potassium  (mg) 114.7 5 46 .84 40 .82
Calcium  (mg) 122.40 25.05 20.47
Week 14
Energy ( k c a l) 36 .97 61.07 165.19
C arbohydrate  (g ) 7 .3 8 1 1 . 0 2 149.32
F a t (g ) 0.31 1 . 6  0 516 .13
P ro te in  (g ) 2.34 1.29 55 .13
F ib re  (g ) 0.47 0.62 131.91
Sodium (mg) 36 .26 13 0.36 359.51
Potassium  (mg) 97 .13 47 .50 48.90
Calcium  (mg) 103 .6 0 29.84 28.80
Week 16
Energy ( k c a l) 34.03 55.67 163.5 9
C arbohydrate (g ) 6.7 9 10.33 152.14
F a t (g ) 0.29 1.3 2 455 .17
P ro te in  (g ) 2.16 1.44 66 .67
F ib re  (g ) 0 .43 0.58 134.88
Sodium ( mg) 33 .3 8 13 0.23 3 90 .14
Potassium (mg) 89.40 44.98 50 .31
Calcium (mg) 95 .36 27 .6 9 29.04
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W ater in ta k e  o f each group was m o n ito re d  d a i ly  th ro ugho u t th e  16 
weeks o f  th e  s tudy and th e  volume consisted d a i ly  per r a t  c a lc u la te d .  
The d ie ta r y  obese r a ts  consisted s ig n i f i c a n t l y  more w a te r than  le a n  
r a ts  th ro u g h o u t th e  s tudy  p e r io d  (see T ab le  3 .1 ( 1 1 ) ) .  The mean 
c o n c e n tra t io n s  o f  v a r io u s  e le c t r o ly te s  in  th e  ta p  w a te r f o r  th e  area 
in c lu d in g  Bath U n iv e rs ity  was o b ta in e d  frcm  th e  Wessex W ater 
A u th o r i ty .  They are  as fo l lo w s  : sod iun (as  Na) 13 p .p .m . ; potassium  
(a s  K) 2 .3 p .p .m .; and c a lc iu n  (a s  CaOO^) 330 p .p .m . The d ie ta ry  
obese r a ts  o n ly  consumed 2.5 to  6ml more w a te r per r a t  per day than  
th e  le a n  c o n t ro ls  (a p p ro x im a te ly  12.5 to  30%) and th e  q u a n t i t ie s  o f 
th e  e le c t r o ly te s  co n ta in e d  in  t h a t  sm a ll volume w ou ld  n o t have 
g re a t ly  a f fe c te d  th e  o v e r a l l  in ta k e  and so th e  q u a n t i ty  o f th e  
e le c t r o ly te s  f ra n  w a te r was o m itte d  f ra n  th e  c a lc u la t io n s .
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T a b le  3 . ! (  i i )
D a lly  w a te r In ta k e  In  r a ts  o f fe re d  la b o ra to ry  chow w ith  (D ie ta ry  
Obese) o r  w ith o u t (Lean) a v a r ie d  p a la ta b le  d ie t  d u r in g  16 weeks o f  
s tu d y . A l l  va lu e s  expressed as 'm l per r a t '  (mean +. s .e .m . f o r  7 days 
o f  each w e e k ).
Week o f  d ie ta ry  
tre a tm e n t.
Lean D ie ta ry
Obese
2l
1 18.58 +_ 0 .52 27 .00 +_ 0 .82 <0 .0 0 1
2 20.76 + 0 .83 27 .31 +_ 1.43 <0 .0 0 1
3 16 .19 +_ 1.29 23 .51 +_ 1.3  8 <0 .0 0 1
4 18.51 +_ 0 .76 25.70 +_ 1 . 2 2 <0 .0 0 1
5 18.81 +_ 0 .76 24.40 + 1.08 <0 .0 0 1
6 19.53 0.7 0 26 .5 9 +_ 1.44 <0 .0 0 1
7 18.44 +_ 0 .89 25.29 +_ 1.28 <0 .0 0 1
8 18.11 + 0 .55 24.60 + 0 .73 <0 .0 0 1
9 17 .50 + 0 .63 22 .14 0 .7 5 <0 .0 0 1
10 18.63 +_ 0 .40 22 .46 +_ 0 .73 <0 .0 0 1
11 18.81 +_ 0 .66 20 .43 +_ 0 .67 <0 . 0 1
12 17 .91 +_ 0 .28 22 .7 0 + 0 .97 <0 .0 0 1
13 18 .40 + 0 .3 9 21.03 +_ 0 .83 <0 .0 0 1
14 18.70 +_ 0 .71 20.07 0 .3 9 <0 .0 1
15 19.00 +_ 0 .76 22.13 +_ 0 .87 <0 .0 0 1
16 18.68 + 0 .52 22 .21 + 0 .7 9 <0 .0 0 1
* S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t's  t - t e s t
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3 . 1 . 2  C h a n g e s  I n  w e ig h t  w i t h  t im e  f o r  l e a n  a n d  d i e t a r y  o b e s e  r a t s .
Body w e ig h t Inc re ased  w ith  tim e  f o r  bo th  le a n  and d ie ta ry  obese 
an im a ls  (see Tab le  3 .1 (1 1 1 ) and F ig .7 ) .  A f te r  2 weeks th e  d ie ta ry  
obese r a ts  were s ig n i f ic a n t l y  h e a v ie r than  th e  le a n  (p<0 .0 2 ) and 
a f te r  4 weeks t h is  d if fe re n c e  reached s ig n if ic a n c e  a t  p<0.001 and 
t h is  was m a in ta in e d  th ro u g h o u t th e  s tu d y .
3 .1 .3  Changes In  minimum s y s to l ic  b lood  p re ssu re  w ith  tim e  f o r  le a n  
and d ie ta ry  obese r a ts .
An example o f a t y p ic a l  tra c e  o f a 10 -m inu te  b lood  p re ssu re  
m o n ito r in g  p e r io d  i s  shewn in  F ig .9 . Minimum s y s to l ic  b lood  p re s s u re  
in c re a se d  w i th  tim e  f o r  bo th  le a n  and d ie ta ry  obese a n im a ls , re a ch in g  
a peak in  th e  d ie ta ry  obese r a ts  a f t e r  a p p ro x im a te ly  6 weeks and In  
le a n  r a ts  a f t e r  a p p ro x im a te ly  8 weeks (see Tab le  3 .1( iv )  and F lg .8 ) .  
A f te r  4 weeks th e  b lood  p re ssu re  o f th e  d ie ta ry  obese r a ts  was 
s ig n i f i c a n t l y  h ig h e r than  f o r  th e  le a n  r a ts  and rem ained h ig h e r  
th ro u g h o u t th e  20 weeks o f  s tudy  ( a t  p<0.05 o r le s s ) .  The c o r r e la t io n  
c o e f f ic ie n t  ( r )  was c a lc u la te d  f o r  w e ig h t and minlmun s y s to l ic  b lood  
p re ssu re  v a lu e s  in  both  le a n  and obese r a ts  a f t e r  4 , 8 , 10 , and 20
weeks o f  s tudy  (see Tab le  3 . 1 ( v ) ) .  S ig n i f ic a n t  c o r r e la t io n  was seen 
fo r  le a n  and obese groups combined a f t e r  8 , 10, and 20 weeks. No 
s ig n i f ic a n t  c o r r e la t io n  was seen w i th in  th e  le a n  groups and w i th in  
th e  obese group s ig n i f ic a n t  c o r r e la t io n  was seen o n ly  a f te r  10 weeks.
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T a b le  3 . ! (  i i i )
W eights (g ) o f  le a n  and d ie ta ry  obese r a ts  ove r 20 weeks o f  s tu d y . 
A l l  v a lu e s  expressed as mean +_ s .e .m . f o r  group, n=12 un le ss  
o th e rw is e  s ta te d .
Number o f weeks o f  Lean 
>
s tudy  com ple ted.
0 211.4 + 3 .1
1 226 .3 +_ 3 .2
2 230.4 + 3 .6
3 23 8 .8 +_ 4 .2
4 243 .0 + 4 .1
5 249.5 +_ 4 .8
6 254.3 + 5 .0
7 258.8 +_ 5 .6
8 26 5.3 +_ 5 .9
10 267 .8 +_ 6 .7
20 304.0 + 10.3
D ie ta ry  Obese p*
209.2 +_ 3 .6 n. s.
224.8 +_ 4 .2 n. s.
246 .9 +_ 4 .9 <0 .0 2
258.9 + 5 .5 <0 .0 1
27 5.3 +_ 6 .8 <0 .0 0 1
283 .7 +_ 7 .3 <0 .0 0 1
294 .7 +_ 7 .8 <0 .0 0 1
308.3 8 .7 <0 .0 0 1
316 .4 +_ 9.9 <0 .0 0 1
318.7 +_ 10 .6 <0 .0 0 1
n=10) 389.9 +_ 14 .7 ( n=5 ) <0 .0 0 1
*  S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t 's  t - t e s t  









F i g .  7
C h a n g e  i n  w e i g h t  w i t h  t i m e  f o r  l e a n  a n d  d i e t a r y
o b e s e  r a t s  ( m e a n  + s . e . m . ,  n = 1 2  u n l e s s  s t a t e d ) .
400  i
l e a n  c o n t r o l  
d i e t a r y  obese ★ ★ * j
(n = 10) /
S i g . d i f f . f r o m  c o n t r o l  
p < 0 . 0 5
p < 0 . 0 1  
* * *  p < 0 . 0 0 1
*  *
★ *  ★
★ *  *










T a b le  3 . ! (  iv )
S y s to l ic  b lo o d  p re ssu re  (mmHg) o f  le a n  and d ie ta ry  obese r a ts  ove r 20 
weeks o f  s tu d y . A l l  va lu e s  expressed as mean +_ s .e .m . f o r  group, n=12 
u n le ss  o th e rw is e  s ta te d .
Number o f weeks o f  Lean 
s tudy com ple ted .
0 105.9 + 1 . 2
1 107 .7 + 1 . 8
2 105.7 + 1 . 6
3 110.5 + 3 .8
4 114.3 + 3 .3
5 122.9 + 4 .4
6 137 .9 + 3 .5
8 140 .3 + 3 .2
10 130.3 + 3 .0
D ie ta ry  Obese p*
107 .0 +. 3 .5 n. s.
108 .2 + 2 . 7  n . s.
115.3 + 3 .6 <0.0 5
118 .1 + 3 . 3  n . s.
125.4 + 3 .4 <0.05
143 .0 + 3 .4 <0.005
156 .1 + 3 .3 <0.005
152 .4 + 3 .2 <0.05
147 .3 + 4 .7 <0.01
144.3 + 2 .4 (n= 5 ) <0.0 520 130.8 + 2 .9(n=10)
* S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t's  t - t e s t  
n .s .=  n o t s ig n i f ic a n t  a t  P<0.05
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F i g .  8
Change i n  b l o o d  p r e s s u r e  w i t h  t i m e  f o r  c o n t r o l  
and d i e t a r y  obese  r a t s .
(mean + s . e . m . ,  n=12 u n l e s s  s t a t e d )
O
* -
l e a n
d i e t a r y  obese
S i g . d i f f . f r o m  c o n t r o l  * p 0 . 0 5
* *  p 0 . 0 1  
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u 130



















F i g . 9 Trace showing t a i l - c u f f  blood pressure measurements fo r  
one r a t  during one 10 minute recording period. The means 
of the " c u t-o ff"  and " re s ta rt"  values were used to obtain  






T a b l e  3 . ! ( v)
C o rre la t io n  c o e f f ic ie n t  ( r )  fo r  w e ig h t (g ) and s y s t o l ic  b lood  
p re ssu re  (mmHg) o f  le a n  and d ie ta ry  obese r a ts  th ro u g h o u t 20 weeks o f 
s tu d y .
A f te r A f te r A f te r A f te r
4 weeks 8 weeks 10 weeks 20 weeks
Lean -0  .1000 0.207 8 0 .4462 0.8537
( n=12) (n=12) ( n = l2) (n=5)
D ie ta ry  Obese -0  .0871 0.5311 0 .8819* 0.40 57
( n=12) (n=12) (n=12) (n=10)
Lean + Obese 0 .2294 0 .5925** 0 .8 3 4 8 *** 0 .6549 **
( n=2 4) ( n=*2 4) ( n=2 4) ( n -1 5)
r s ig n i f ic a n t c o r r e la t io n p<0.05
'*  s ig n i f ic a n t c o r re la t io n p<0 .01
r** s ig n i f ic a n t c o r re la t io n p<0.001
Tab le  3 . ! ( v l )
C o r re la t io n  c o e f f ic ie n t  ( r )  fo r  w e ig h t (g ) and h e a r t  r a te  (b e a ts  per 
m in u te ) o f  le a n  and d ie ta ry  obese r a ts  th ro u g h o u t 20 weeks o f  s tu d y .
A f te r A f te r A f te r A f te r
4 weeks 8 weeks 10 weeks 20 wee
Lean 0 .3 990 0.1874 0 .1517 0 .3 507
(n=12) (n=12) (n=12) (n=5)
D ie ta ry  Obese -0  .0719 -0  .4 845 -0  .4 906 0.3644
(n=12) ( n=12) (n=12) (n=10)
Lean + Obese 0 .3639 0.2192 0 .1141 0.4065
( n=24) ( n=2 4) ( n=2 4) (n=15)
No s ig n i f ic a n t  v a lu e s .
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3 . 1 . 4  C h a n g e s  I n  h e a r t  r a t e  w i t h  t im e  f o r  l e a n  a n d  d i e t a r y  o b e s e
r a ts ,  (see Tab le  3 . 1 ( v i i ) )
A t th e  s t a r t  o f th e  s tudy  h e a r t  ra te s  were s im i la r  in  th e  two 
groups. However, a f te r  4 weeks th e  h e a r t  ra te s  o f  th e  d ie ta ry  obese 
r a ts  w ere s ig n i f ic a n t l y  fa s te r  than  those  o f th e  le a n  c o n tro ls  
(p < 0 .0 0 1 ) . T h is  fa s te r  h e a r t  ra te  in  th e  d ie ta ry  obese r a ts  was 
observed th ro u g h o u t th e  r e s t  o f th e  s tu d y , though a f te r  20 weeks th e  
d if fe re n c e  was n o t s ig n i f ic a n t .  However, th e  numbers in  th e  le a n  
c o n t ro l group were sm a ll a t  t h is  p o in t  (n = 5 ). The c o r r e la t io n  
c o e f f ic ie n t  ( r )  was c a lc u la te d  f o r  w e ig h t and h e a r t  ra te  f o r  le a n  and 
obese groups a f te r  4 , 8 , 10 , and 20 weeks (see Tab le  3 . 1 ( v l ) ) .  No 
s ig n i f ic a n t  c o r r e la t io n  was found  between w e ig h t and h e a r t  ra te  f o r  
th e  groups, e i th e r  s e p a ra te ly  o r combined.
125
T a b le  3 . ! ( v i i )
H e a rt ra te s  (b e a ts  per m in u te ) o f  le a n  and d ie ta ry  obese r a ts  
th ro u g h o u t 20 weeks o f  s tu d y . A l l  va lu e s  expressed as mean +_ s .e .m . 
fo r  group.
LeanNumber o f weeks 




380 .67 + 10.21 
( n=12)
379.33 + 8 .14 
( n = l 2 )
386 .71 + 10.59 
( n=12)
416 .46 + 6 .66 
( n=12)
378.80 + 23 .42 
(n=5)
D ie ta ry  Obese p*
372.04 +_ 6 .68  n .s .
(n=12)
399.04 + 7 .22 <0.001
( n = l 2 )
415.50 + 7 .52 <0.001
(n=12)
437 .71 + 9 .49 <0.001
(n=12)
403 .85 +_ 10.65 n .s .
(n=10)
* S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t's  t - t e s t
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3 .1 .5  ' I n  v i t r o '  s tu d ie s :  th e  is o la te d  p e rfu s e d  h e a r t
The Is o la te d  p e rfu se d  h e a r t  p re p a ra t io n  was s tu d ie d  f ra n  le a n  
and d ie ta r y  obese r a ts  a f t e r  4 and 8 weeks.
a) Responses o f  Is o la te d  p e rfu se d  h e a r ts ,  a f te r  4 weeks, to  doses o f 
n o ra d re n a lln e
No s ig n i f ic a n t  d if fe re n c e s  In  th e  ' I n  v i t r o '  b e a tin g  ra te  were 
seen between h e a rts  f ra n  le a n  and d ie ta ry  obese groups, e i th e r  f o r  
b a s e lin e  b e a tin g  ra te  o r f o r  d rug -In duced  In c re a se s  In  b e a tin g  ra te  
(see T ab le  3 .1( v l l l ) a ) ) .  T h is  I s  In  c o n tra s t  to  th e  sm a ll bu t 
s ig n i f ic a n t  Inc rease  In  h e a r t  ra te  found  In  th e  consc ious w ho le  
an im a l s tu d ie s  (see s e c t io n  3 .1 .4 ) .  Fu rthe rm ore , th e re  was no 
s ig n i f ic a n t  d if fe re n c e  between b a s e lin e  c o n t r a c t i l i t y  o f h e a rts  f ra n  
le a n  and obese groups (see Tab le  3 .1( v i i i ) b ) ) .  Hew e ve r, th e re  was a 
s ig n i f i c a n t l y  g re a te r c o n t r a c t i l i t y  response (% b a s e lin e  
c o n t r a c t i l i t y )  t o  a l l  th re e  doses o f  n o ra d re n a lin e  in  h e a r ts  f ra n
d ie ta ry  obese r a ts  compared to  those f ra n  le a n , s ig n i f ic a n t  p<0 .0 0 1
-11 -10 f o r  responses to  5x10 mole n o ra d re n a lin e  and p<0.01 fo r  5x10
-9mole and 5x10 m ole.
A f te r  each dose o f n o ra d re n a lin e  th e  nunber o f a rrh y th m ia s  
(e c to p ic  b e a ts  and m issed bea ts ) which o ccu rre d  w i t h in  th e  f i r s t  
th re e  m in u te s  was re co rd e d . T h is  da ta , p resen ted  In  T a b le  3 .1 ( x ) a ) ,  
was ana lysed  u s in g  th e  n o n -p a ra m e tr ic  Mann-W hitney U - te s t  (a 
n o n -p a ra m e tr ic  te s t  was re q u ire d  due to  th e  d is t r ib u t io n  o f  the  data  
p o in ts ) .  No s ig n i f ic a n t  d if fe re n c e s  were found  between th e  groups 
a f te r  any o f th e  doses o f n o ra d re n a lin e .
b) Responses o f  is o la te d  p e rfu se d  h e a r ts  , a f te r  8 weeks, to  doses o f 
n o ra d re n a lln e
There were no s ig n i f ic a n t  d if fe re n c e s  in  b e a tin g  ra te s ,  e i th e r
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b a s e lin e  v a lu e s  o r d rug -in duced  responses, between h e a rts  f r a n  le a n  
and obese r a t s  (see Tab le  3 . 1 ( ix ) a ) ) ,  aga in  h ig h l ig h t in g  a d if fe re n c e  
between ' i n  v i t r o '  and ' in  v iv o ' da ta , a s ig n i f ic a n t  e le v a t io n  in  
h e a r t  r a te  h a v in g  been found  in  conscious d ie ta r y  obese r a ts  compared 
w ith  le a n  c o n t ro ls  a t  8 weeks. In  c o n tra s t to  th e  data  o b ta in e d  a f te r  
4 weeks w i th  o r w ith o u t  th e  p a la ta b le  d ie t ,  where no s ig n i f ic a n t  
d i f fe re n c e  was d e te c te d , b a s e lin e  c o n t r a c t i l i t y  was s ig n i f ic a n t l y  
s m a lle r  i n  h e a r ts  f ra n  d ie ta ry  obese r a t s  th a n  in  those  frcm  th e  le a n  
c o n t ro ls  (p<0.001) (see Tab le  3 .1( ix ) b )  fo r  c o n t r a c t i l i t y  d a ta ) .  
A lthough  th e  response (% baseline c o n t r a c t i l i t y )  t o  th e  low  dose
(5x10 11  m ole) o f  n o ra d re n a lin e  was s im i la r  f o r  h e a r ts  f r a n  le a n  and
-10 -9obese r a ts ,  th e  responses to  5x10 mole and 5x10 mole were
s ig n i f i c a n t l y  g re a te r f o r  h e a r ts  f ra n  d ie ta r y  obese r a t s  th a n  f o r
those f r a n  le a n  c o n t ro ls  (b o th  p<0 .0 0 1 ) ,  show ing a s im i la r  p a t te rn  to
th a t  seen in  da ta  o b ta in e d  a f t e r  4 weeks (see above ).
A ga in  (as  f o r  th e  data  o b ta in e d  a f t e r  4 weeks) no s ig n i f ic a n t
d if fe re n c e s  were found  between th e  number o f a rrh y th m ia s  w h ich
o cc u rre d  in  h e a r ts  f ra n  le a n  and obese r a ts  a f t e r  th e  th re e  doses o f
n o ra d re n a lin e .
c) Responses o f  is o la te d  p e rfu se d  h e a r ts ,  a f te r  4 and 8 weeks, to  
doses o f  a c e ty lc h o lin e  
The d u ra t io n  o f c a rd ia c  a r re s t  and re co ve ry  tim e  were 
dose-dependent in  h e a r ts  frcm  both  le a n  and obese r a ts  a t  bo th  
sam pling  t im e s  (see T ab le  3 . 1 ( x i ) ) .  C o n s id e rin g  f i r s t  th e  d u ra t io n  o f  
c a rd ia c  a r r e s t ,  i t  can be seen th a t  a t  4 weeks th e re  was l i t t l e  
d if fe re n c e  between th e  groups, a ltho ugh  a sm a ll bu t s ig n i f ic a n t  
in c re a se  in  response to  th e  lc w e r dose o f a c e ty lc h o lin e  was seen in  
h e a r ts  frcm  th e  obese a n im a ls . A t 8 weeks th e  data  in d ic a te d  a tre n d
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f o r  in c re a s e d  p e r io d s  o f  c a rd ia c  a r re s t  fo l lo w in g  a c e ty lc h o lin e  doses
in  h e a r ts  frcm  obese r a t s .  However, t h is  d id  n o t reach  s ig n if ic a n c e .
The r e s u l t s  f o r  th e  re c o v e ry  p e r io d  a f t e r  a c e ty lc h o lin e - in d u c e d
c a rd ia c  a r r e s t  appear to  a l t e r  w i th  t im e , thus a t  th e  4 week s tage
h e a rts  frc m  th e  obese r a ts  re co ve re d  more r a p id ly  than  those  frcm
le a n  r a t s .  T h is  reached s ig n if ic a n c e  o n ly  w ith  th e  h ig h  dose o f%
a c e ty lc h o lin e .  In  c o n t ra s t ,  a f t e r  8 weeks o f  s tudy  th e re  were 
s ig n i f i c a n t l y  p ro lo nged  re c o v e ry  tim e s  w ith  bo th  doses o f  
a c e ty lc h o lin e  in  h e a r ts  frcm  obese an im a ls  when compared w ith  h e a r ts  
frcm  le a n  c o n t ro ls .  In  a d d it io n ,  th e  re co v e ry  tim e s  seen a t  8 weeks
were s ig n i f i c a n t l y  g re a te r  th a n  those  a t  4 weeks f o r  obese r a ts
( p<0 .001  fo r  bo th  doses o f a c e ty lc h o lin e ) ,  w h ile  th e  re co v e ry  p e r io d  
o f h e a rts  frcm  th e  le a n  groups d id  n o t show any a l t e r a t io n  w ith  t im e .
3 .1 .6 ' I n  v i t r o '  s tu d ie s :  th e  a o r t ic  s p i r a l  s t r i p
The responses t o  doses o f  n o ra d re n a lin e  o f a o r t ic  s p i r a l  s t r ip s
frcm  le a n  (n=5) and obese (n=5) r a t s  a f t e r  8 weeks were s tu d ie d . The
lo g  dose /response  cu rve  i s  shown in  F ig .1 0 . The ( t h a t  i s ,  th e
c o n c e n tra t io n  re q u ire d  t o  produce 50% maximal response) o f
n o ra d re n a lin e  was s ig n i f i c a n t l y  g re a te r  f o r  t is s u e s  frc m ’ obese r a ts
-9(8 .03  +. 1 .52  x  10 M) th a n  f o r  t is s u e s  frcm  th e  le a n  group (2 .93  +_ 
-9xlO M ), p<0 .02 , in d ic a t in g  a r e la t iv e  in s e n s i t i v i t y  o f t is s u e s  frcm  
th e  d ie ta ry  obese a n im a ls .
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T a b l e  3 . ! ( v i i i )
T h e  r e s p o n s e s  o f  I s o l a t e d  p e r f u s e d  h e a r t s  f r a n  l e a n  a n d  d i e t a r y  o b e s e
r a t s ,  a f t e r  4 w eek s  o f  s t u d y ,  t o  b o l u s  I n j e c t i o n s  o f  n o r a d r e n a l i n e .
( A l l  v a l u e s  e x p r e s s e d  a s  m ean  +_ s . e . m .  f o r  g r o u p ) .
a) B e a tin g  ra te  /b e a ts  per m inu te
Lean ( n=9)
B a s e lin e  b e a tin g  ra te  
In c re a se  in  b e a tin g  
ra te  induced  by dose
o f nor adr enal ln e .
5 x  10 11 mole 
-1 05 x 10 mole 
5 x  10 9 mole
271.67 + 6 .29
17 .7 8 + 2 .37 
58.33 + 6 .12 
88 .33 + 11.02
D ie ta ry  Obese(n=9) p *
262.22 + 10.35 n .s .
20 .56 +. 6 .94 n. s.
53 .33 +. 14 .84 n. s.
7 8 .8  9 + 13 .7 4 n .s .
b) C o n t r a c t i l i t y  (a g a in s t 2g te n s io n ) /g
Lean ( n=9)
B a s e lin e  c o n t r a c t i l i t y  6.56 ±  1.23
Response to  dose o f 
nor adr ena l ine
(% b a s e lin e  c o n t r a c t i l i t y )  
-115 x  10 mole 
5 x  10 ^  mole 
5 x  10 9 mole
D ie ta ry  Obese( n=9) p *
6 .17 + 0 .5 9 n .s .
142.57 + 6 .85 175.59 + 8 .46
192 .43 + 8 .19 231.09 + 20 .96
211.50 + 10.87 255.36 + 21.13
* S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t's  t - t e s t
<0 .0 0 1
<0 . 0 1
<0 .0 1
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T a b l e  3 . ! (  i x )
T he  r e s p o n s e s  o f  I s o l a t e d  p e r f u s e d  h e a r t s  f r a n  l e a n  a n d  d i e t a r y  o b e s e
r a t s ,  a f t e r  8 w eek s  o f  study, t o  b o l u s  i n j e c t i o n s  o f  n o r a d r e n a l i n e .
( A l l  v a l u e s  e x p r e s s e d  a s  m ean  £  s . e . m .  f o r  g r o u p ) .
a) B e a tin g  ra te  /b e a ts  per m inu te
Lean ( n=9) 
B a s e lin e  b e a tin g  ra te  281.11 £  7 .85 
Inc re ase  in  b e a tin g  
r a te  in duced  by dose
o f n o ra d re n a lin e . 
5 x  10 11  mole 
5 x  10 mole 
5 x 10 9 mole
10.00 £  3 .63 
47 .7 8 £  13 .13 
102.78 + 10.51
D ie ta ry  Obese( n = l l ) 
275.45 + 13 .31
19.09 £  5 .59 
63 .18 £  12.55 




n . s. 
n . s.
b) C o n t r a c t i l i t y  (a g a in s t  2g te n s io n ) /g
Lean (n=9) D ie ta ry  Obese(n=» ll) p *
B a s e lin e  c o n t r a c t i l i t y  11.78 £  1 .02  7 .93 £ 0 .6 4  <0.001
Response to  dose o f 
nor adr ena l ine 
(% b a s e lin e  c o n t r a c t i l i t y )
144.62 £ 4 .2 1  151.60 £ 6 .1 7  n .s .
153 .29 £  7 .11 176 .09 £ 9 .6 8  <0.001
170.88 £  8 .76 195 .63 £ 9 .9 9  <0.001
*  S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t 's  t - t e s t
5 x  10 ^  mole
. -1 0  5 x  10 mole
5 x  10 * mole
Analysis o f covariance on log.dose o f noradrenaline vs response 
showed no s ig n if ic a n t  d iffe ren c e  between the slopes o f the lin e s  
fo r  hearts from lean and obese ra ts , both when response was 
expressed as absolute c o n tr a c t i l i ty  and also when i t  was expressed 
as % baseline c o n tr a c t i l i ty  (F=0.577 and F=0.952, re s p e c tiv e ly , both 
D.F. 1,56 , not s ig n if ic a n t ) .
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T a b l e  3 . ! ( x )
The number o f a rrh y th m ia s  (e c to p ic  bea ts  and m issed bea ts ) o c c u r r in g  
In  th e  Is o la te d  p e rfu se d  h e a r ts  f ra n  le a n  and obese r a ts  a f t e r  th re e  
doses o f  n o ra d re n a lin e  (v a lu e s  f o r  each p re p a ra t io n  shewn),
a) A f te r  4 weeks o f  s tudy
Lean ( n=9)
-115 x  10 mole 1 ,1 ,1 ,0 ,3 6 ,0 ,1 /0 ,0
5 x  lo ”10 mole 0 ,2 ,0 ,1 ,0  ,9 ,2 ,0 ,0
-95 x  10 mole 2 ,0 ,0 ,1 ,2 ,1 6 ,2 ,0 ,0
D ie ta ry  Obese ( n=9) 
0 ,0 ,0 ,0  ,0  ,0 ,0  ,0 ,0 
1 ,1 ,2 ,0 ,3  ,1 ,22  ,0 ,0 , 
143 ,2 ,1 ,0  ,2 ,2 ,0 ,0 ,0
b) A f te r  8 weeks o f  s tudy
Lean ( n=9)
5 x  10 11 mole 0 ,8 ,0 ,0  ,0 ,0  ,2 ,0 ,0
5 x  10~10 mole 0 ,3 ,1 ,4 ,1 4 ,0 ,6 ,6 ,0
-95 x  10 mole 1 0 ,0 ,0 ,6 3 ,6 ,0 ,7 ,0 ,3 5
D ie ta ry  Obese ( n = l l )
0 ,0 ,0 ,0 ,0 ,0 ,0 ,1 , 0  ,0 ,0 
0 ,0 ,1 , 0 ,0 ,0 ,2 ,1 0 ,1 , 0 ,0 
0 ,0 ,1 ,1 , 0 ,0 ,0 ,1 , 2 ,0 ,0
No s ig n i f ic a n t  d if fe re n c e s  were found  between h e a rts  frcm  le a n  and 
obese groups ( u s in g  n o n -p a ra m e tr ic , Mann-Whitney U - te s t ) .
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T a b l e  3 . ! ( x i )
T h e  r e s p o n s e s  o f  I s o l a t e d  p e r f u s e d  h e a r t s  f r a n  l e a n  a n d  d i e t a r y  o b e s e
r a t s  ( a f t e r  4 an d  8 w e e k s )  t o  tw o  d o s e s  o f  a c e t y l c h o l i n e .  V a l u e s
e x p r e s s e d  a s  m ean  +_ sem .
a )D u ra t io n  o f c a rd ia c  a r re s t  induced by dose o f a c e ty lc h o lin e  
( seconds) .
Lean D ie ta ry  Obese p *
A f te r  4 weeks
5 x  10” 9 mole 2 .30 + 0 .73 (n= 9) 3 .87 + 0 .83 (n= 9) <0.05
5 x  lO -8  mole 8.16 + 1 .1 6 (n *9 ) 7 .78 + 0 .82(n=9) n .s .
A f te r  8 weeks
5 x  lO - 9  mole 3 .84 + 0 .94(n=9) 5.60 + 0 .9 0 (n = ll)  n .s
5 x  10” 8 mole 8 .56 + 1 .38 (n= 9) 10.87 + 1 .1 9 ( n = ll )  n .s .
b )Time to  re co ve r re g u la r  b e a tin g  rhythm  a f te r  dose o f a c e t ly c h o lin e  
( se co n d s ).
Lean D ie ta ry  Obese p*
A f te r  4 weeks
5 x  10’ 9 mole 12.30 + 2 .65(n=9) 11.61 + 2 .67(n=9) n .s .
5 x  10"8 mole 38.47 + 2 .97(n=9) 31.20 + 2 .47 (n= 9) <0.01
A f te r  8 weeks
5 x  10” 9 mole 11.12 + 2 .30 (n=9) 16 .63 + 1 .2 9 ( n = ll )  <0.001
5 x  10” 8 mole 37 .66 + 2 .27(n=9) 46.11 + 4 .1 3 ( n = ll )  <0.005
* S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t’ s t - t e s t
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F ig .10
E f f e c t  o f  n o r a d r e n a l i n e  on i s o l a t e d  a o r t a  s p i r a l  
p r e p a r a t i o n s  f r o m c o n t r o l  and d i e t a r y  obese  r a t s ,  
(mean + s . e . m . ,  n=5 f o r  b o t h  g r o u p s ) .























d i e t a r y  obese  o-
20
0 1 2 43
l o g  c o n c e n t r a t i o n ( 1x 1 0 _ 9 M)
n o r a d r e n a l i n e .
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3 .1 .7  ' I n  v i t r o '  s tu d ie s s th e  is o la te d  p e rfu s e d  m e s e n te r ic  v a s c u la tu re  
a) Responses t o  n o ra d re n a lin e
Dose-response s tu d ie s  were c a r r ie d  o u t on th e  is o la te d  p e rfu se d  
m e s e n te r ic  v a s c u la r  bed f ra n  le a n  and d ie ta r y  obese r a ts  a f t e r  4 , 8 , 
10 and 20 weeks. F i g . l l  shows a t y p ic a l  dose-response t ra c e .  The 
m aximal response to  n o ra d re n a lin e  (exp ressed  as in c re a se  in  p e r fu s io n  
p re s s u re , mmHg) was s ig n i f ic a n t ly  g re a te r  f o r  t is s u e s  frcm  d ie ta ry  
obese r a t s  compared w ith  le a n  a f te r  8 weeks (171.7 + 3 .4  and 156.9 +
4 .3 ) ,p<0 .001 , 10 weeks (235.0 ±  8 .3 and 184.6 +_ 20 .0 ) ,p<0 .01 and 20 
weeks (223 .0 +,3 .8 and 194.6 ±  1 2 .9 ) ,p < 0 .001 (see F ig .1 2 ) . A lso  th e re  
was an In c re a se  in  maximal p e r fu s io n  p re s s u re  response f o r  t is s u e s  
frcm  bo th  le a n  and obese r a ts  w ith  tim e , f o r  le a n  r a ts  th ro u g h o u t th e  
20 weeks o f  s tudy  and f o r  obese r a ts  up t o  10 weeks.
The ( t h a t  is ,  th e  dose re q u ire d  t o  produce 50% maximal
response) va lu e s  v a r ie d  c o n s id e ra b ly  w ith  tim e  though th e  d if fe re n c e s
\
between th e  le a n  and obese groups showed no s p e c i f ic  t re n d  (see Tab le  
3 . 1 ( x i i ) ) .  For example, a t  10 weeks th e  s e n s i t i v i t y  o f th e  m e s e n te ric  
bed to  n o ra d re n a lin e  appeared to  f a l l  to  a p p ro x im a te ly  25% o f  i t s  
va lu e  a t  8 weeks f o r  bo th  groups. A t 4 weeks th e  d ie ta ry  obese group 
had a s ig n i f i c a n t l y  h ig h e r E D ^ ( lcw e r s e n s i t i v i t y )  th a n  le a n , w h ile  
a t  8 and 10 weeks th e re  was no apparen t d i f fe re n c e  between th e  ED
DU
va lu e s  f o r  th e  two groups. However, a t  20 weeks th e  ED fo r  the
5U
d ie ta ry  obese r a ts  was s ig n i f ic a n t ly  low er th a n  f o r  le a n  c o n t ro ls .
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F ig .  11 Dose-response t ra c e  o f  th e  is o la te d  p e rfu s e d  m esen te ric  
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F i g .  12
E f f e c t  o f  n o r a d r e n a l i n e  on p e r f u s i o n  p r e s s u r e  i n  
t h e  i s o l a t e d  m e s e n t e r i c  v a s c u l a t u r e  t a k e n  f rom  
c o n t r o l  and d i e t a r y  obese r a t s .
(mean + s . e . m. )
250 J
c o n t r o l
* *
d i e  t a r y  
obese
S i g . d i f f .  f ro m c o n t r o l  
* p < 0.01  
* *  p< 0.001200 .
150 ,
100
95 556 56 6n =
Weeks 4 8 10 20
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T a b l e  3 . l ( x i i )
The dose o f n o ra d re n a lin e  re q u ire d  t o  produce 50% maximal response In
th e  Is o la te d  p e rfu se d  m e se n te ric  v a s c u la tu re  (E D ^ )  frcm  le a n  and
d ie ta ry  obese r a ts  a f te r  4 ,8 ,1 0  and 20 weeks o f  s tu d y . A l l  va lu e s
-1 0expressed as mean +_ s .e .m . f o r  group. U n its  a re  'x  10 m o le '.
Number o f weeks o f
s tudy com pleted Lean D ie ta ry  Obese p*
4 27 .8 + 5 .9 ( n=6 ) 45.7 + 4 .0  (n=6 ) <0.0 5
8 3 2.1 + 6 .0 (n=5) 27 .9 + 2 .9 ( n=5) n .s .
10 119.0 + 1 7 .4  (n= 5 ) 128.9 + 16.6 ( n=5) n .s .
20 168.1 + 29.0 ( n=5) 82.5 + 17.1  (n=9) <0.05
* S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t 's  t - t e s t
b )  R e s p o n s e s  t o  5 - h y d r o x y t r y p t a m i n e  ( 5-HT)
Dose-response s tu d ie s  to  5-HT were c a r r ie d  o u t i n  th e  is o la te d
p e rfu s e d  m e se n te ric  v a s c u la tu re  frcm  le a n  and d ie ta ry  obese r a ts
a f t e r  4 and 15 weeks. C o ns id e ring  f i r s t  th e  4 week d a ta ; th e  ED (a s50
d e fin e d  e a r l ie r  f o r  n o ra d re n a lin e ) f o r  t is s u e s  frcm  le a n  r a ts  was
s ig n i f i c a n t l y  g re a te r than  f o r  t is s u e s  frcm  d ie ta ry  obese r a ts  (4 .4 4
-9  -9+_ 0.56 x  10 mole and 3 .24 + 0 .29 x  10 m o le ), p<0.005 . The maxim al
response, expressed as maximum Increase  in  p e r fu s io n  p re ssu re  (mmHg)
to  5-HT was s ig n i f ic a n t ly  g re a te r f o r  t is s u e s  frcm  d ie ta ry  obese r a t s
compared w ith  le a n  c o n tro ls  (61 .64  +.7 .45 and 35.15 +. 4 .0 9 ) ,  p<0.001 ,
(see F ig .1 3 ) .  A f te r  15 weeks, th e  ED fo r  t is s u e s  frcm  le a n  r a ts  was50
a g a in  g re a te r  than  th a t  o f t is s u e s  frcm  obese r a ts  (4 .90  +. 0 .44 x
-9  -910 mole and 4.22 +, 0 .52 x 10 m o le ), though t h is  d i f fe re n c e  was n o t
s ig n i f ic a n t .  As f o r  th e  4 week d a ta , th e  maximum in c re a se  i n
p e r fu s io n  p ressu re  (mmHg) induced by 5-HT was a g a in  g re a te r f o r  th e
m e s e n te r ic  v a s c u la r  beds frcm  obese r a ts  ( 6 6 .8 8  +. 6 .50) th a n  those
frcm  le a n  r a ts  (34 .60  £ 6 . 1 0 ) ,  p<0.005 (see F ig .1 3 ) .
In  c o n tra s t to  th e  r e s u l t s  found  w ith  n o ra d re n a lin e  (see s e c t io n
3 .1 .7 a )  th e re  was no t im e - re la te d  change in  th e  maximum p e r fu s io n
p re ssu re  in c re a se  response to  5-HT. However, a sm a ll bu t s ig n i f ic a n t
in c re a se  in  th e  ED^„ of. 5-HT was seen i n  th e  m e s e n te r ic  beds frcm50
-9obese an im a ls  w ith  tim e  (3 .24 £  0 .29 x  10 mole a f t e r  4 weeks and 
-94.22 £  0 .52 x  10 mole a f te r  15 weeks), p<0 .05 . A s m a lle r  In c re a se
-9was seen in  t is s u e s  frcm  le a n  r a ts  (4 .44  £  0.56 x  10 mole a f t e r  4
-9weeks and 4.90 £  0.44 x  10 mole a f te r  15 w eeks), which d id  n o t reach 
s ig n if ic a n c e .
13 9
F ig . 13 Maximum response to 5-hydroxytryptamine o f the iso la te d  
perfused mesenteric vasculature from lean and d ie ta ry  
obese ra ts  a f te r  4 and 15 weeks d ie ta ry  treatm ent.
A l l  values expressed as mean + s.e.m.
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L4 D4 L15 D15
Group
L4 = Lean, 4 weeks (n=8)
D4 = D ie ta ry  obese, 4 weeks (n=8)
L15 = Lean, 15 weeks (n=10)
D15 = D ie tary  obese, 15 weeks (n = ll)
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c )  R e s p o n s e s  t o  a c e t y l c h o l i n e  a f t e r  p r e - c o n t r a c t  i o n  w i t h
pheny le ph rine
The is o la te d  m e s e n te r ic  v a s c u la tu re  was s tu d ie d  f ra n  le a n  and
obese r a ts  a f t e r  4 and 10 weeks. C o n s id e rin g  f i r s t  th e  4 week d a ta ; a
-3c o n c e n tra t io n  o f  10 M p h e n y le p h rin e  (d is s o lv e d  in  K re b 's  s o lu t io n )  
was found  t o  produce an in c re a se  in  v a s c u la r  to n e f b r in g in g  th e  
p e r fu s io n  p ressu re  to  a s teady le v e l ( 88.55 +. 11.0 9 mmHg f o r  t is s u e s  
frcm  le a n  r a ts  (n=6 ) and 71.55 £  11.04 mmHg f o r  t is s u e s  frcm  obese 
an im a ls  ( n - 8 ) ) .  These v a lu e s  were n o t s ig n i f ic a n t l y  d i f f e r e n t .  The 
maximim re d u c t io n  in  p e r fu s io n  p re ssu re  (mmHg) induced by 
a c e ty lc h o lin e  was 57 .82 +. 12.10 fo r  t is s u e s  frcm  le a n  r a ts  and 42.18 
9 .64  fo r  t is s u e s  frcm  obese r a ts .  There was no s ig n i f ic a n t  
d if fe re n c e  between th e  responses o f  th e  two groups, though th e  
maximal responses f o r  t is s u e s  frcm  obese r a ts  tended t o  be s m a lle r
than  those  f o r  t is s u e s  frcm  le a n  c o n t ro ls .  The ED o f a c e ty lc h o lin e
50
was s ig n i f ic a n t ly  g re a te r  f o r  m e s e n te ric  beds frcm  obese r a ts  ( 1 1 .6 6
+^3 .34x 10 11 m ole) th a n  f o r  those t is s u e s  frcm  le a n  r a ts  (5 .9 5  +.
0.86 x  10 11 m o le ), p<0.0 5 .
A f te r  10 weeks, p e r fu s io n  w ith  p he ny le ph rine  produced a g re a te r
v a s o c o n s tr ic t io n  in  th e  m e s e n te r ic  beds frcm  both  le a n  (n=*8 ) and
obese (n=10) r a ts ,  compared to  th e  response a t  4 weeks. Thus, a
te n fo ld  re d u c t io n  in  th e  c o n c e n tra t io n  o f  phe n y le p h rin e  was used f o r
-4these t is s u e s .  P heny lephrine  (10 M) produced a p e r fu s io n  p ressu re  
(mmHg) o f  96 .75 +_ 10.14 fo r  t is s u e s  frcm  le a n  r a ts  and 103 .65 +. 13 .21 
fo r  t is s u e s  frcm  obese r a ts .  D e sp ite  th e  reduced c o n c e n tra t io n  o f 
p h e ny le ph rine  used,responses o f  t is s u e s  frcm  th e  d ie ta ry  obese r a ts  
were s ig n i f ic a n t l y  g re a te r  than  th e  4 week v a lu e s  (p < 0 .0 0 5 ). In  
a d d it io n ,  th e re  was an e le v a te d  response f o r  t is s u e s  frcm  le a n  r a ts
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compared t o  4 week d a ta , though t h is  d i f fe re n c e  d id  n o t reach 
s ig n if ic a n c e .  As f o r  th e  4 week d a ta , th e re  was no s ig n i f ic a n t
d if fe re n c e  between th e  p e r fu s io n  p ressu res  induced  by p h e n y le p h rin e  
in  t is s u e s  frcm  le a n  and obese a n im a ls .
The maximum decrease in  p e r fu s io n  p re ssu re  (mmHg) induced by 
a c e ty lc h o lin e  was 73.69 ± ,1 0 .8 9  fo r  t is s u e s  frcm  th e  le a n  r a t s  and
65.90 ± 1 1 .2 4  fo r  t is s u e s  frcm  th e  d ie ta ry  obese group. These v a lu e s  
were n o t s ig n i f ic a n t l y  d i f f e r e n t .  A lso  th e re  was no s ig n i f ic a n t
d if fe re n c e  between th e  o f a c e ty lc h o lin e  f o r  th e  two groups, the
v a lu e  f o r  t is s u e s  frcm  le a n  r a ts  be ing  8.4 9 ±  1.85 x  10 11 mole and
th e  v a lu e  f o r  t is s u e s  frcm  obese r a ts  10.09 +, 3 .55  x  10 ^  mole.
d) Responses to  changes in  th e  c o n c e n tra tio n s  o f  p o ta s s iim  and 
ca lc ium  in  th e  p e r fu s in g  K re b 's  s o lu t io n .
F ig .14 shows a t y p ic a l  re c o rd in g  t ra c e  u s in g  th e  fo l lo w in g  
e xp e rim e n ta l p rocedure . Each t is s u e  was f i r s t  p e rfu se d  f o r  3 0 mlmutes 
w ith  'n o rm a l' K re b 's  s o lu t io n  (see s e c t io n  2 .2 .1 a ) )  and th e  peak 
p re s s u re  (Peak P ressure  1 ) ,  th e  p la te a u  p re ssu re  (P la te a u  P ressure  1) 
(b o th  i n  mmHg) and t im e  (Time to  P la teau  1) ( i n  m in u te s ) were 
re co rd e d . The t is s u e  was th e n  p e rfu se d  f o r  a f u r th e r  30 m inu tes w ith  
K re b 's  s o lu t io n  c o n ta in in g  65mM potassium  (K+ ) (see s e c t io n  2 .2 .1 c ) )  
and th e  peak p re s s u re  (Peak P ressure  2 ) ,  p la te a u  p re ssu re  (P la te a u  
P ressure  2) and th e  tim e  to  p la te a u  p re s s u re  (Time to  P la te a u  2)
re co rd e d . The t is s u e  was th e n  p e rfu se d  w ith  K re b 's  s o lu t io n
+ 2 + c o n ta in in g  65mM K and 3mM ca lc ium  ( Ca ) (see s e c t io n  2.2 . I d ) )  f o r  a
f i n a l  3 0 m inu tes and th e  p la te a u  p re ssu re  (P la te a u  P ressure  3) and
tim e  to  reach t h is  p la te a u  (Time to  P la teau  3) re co rd e d . The p la te a u
p re ssu re  was a ls o  th e  peak p re ssu re  f o r  t h is  s o lu t io n  as no i n i t i a l
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s teep  r is e  in  p ressu re  o ccu rre d .
There were no s ig n i f ic a n t  d if fe re n c e s  between t is s u e s  frcm  le a n  
and obese r a ts ,  a f te r  4 weeks, f o r  any o f th e  responses re co rded  (see 
T ab le  3 . 1 ( x i i i ) .  A f te r  8 weeks, th e re  was a sm a ll bu t s ig n i f ic a n t  
e le v a t io n  in  th e  p la te a u  p re ssu re  o b ta in e d  w ith  th e  'n o rm a l' K re b 's  
s o lu t io n  in  t is s u e s  frcm  le a n  r a ts  (30 .59  ±  l.lOmmHg) compared to  
t is s u e s  frcm  the  d ie ta ry  obese r a ts  (27 .11  ±  0.92mmHg), p<0.001 .
However, th e  p la te a u  p re ssu re  (mmHg) o b ta in e d  w ith  th e  65mM K+ Kreb’ s 
s o lu t io n  was h ig h e r  in  t is s u e s  frcm  obese r a ts  th a n  in  those  frcm  
le a n  r a ts  (55.00 ± 4 .4 7  and 42.60 ± 1 . 4 7 ) ,  p<0.001 . P la teau  P ressure
3 (mmHg) was a g a in  h ig h e r  i n  t is s u e s  frcm  d ie ta ry  obese r a ts  compared 
w ith  those frcm  th e  le a n  group (71 .32  ±  6 .98  and 55.92 ±  2 .9 1 ) ,
p<0 .005 . Thus, th e  m e s e n te r ic  v a s c u la tu re  frcm  these d ie ta ry  obese 
r a ts  appears to  be more s e n s i t iv e  to  in c re a s e s  in  c o n c e n tra t io n s  o f 
potassium  and ca lc ium  in  th e  p e r fu s a te  th a n  t is s u e s  from  age-matched 
le a n  r a ts .  T h is  in c re a se d  s e n s i t i v i t y  is  a ls o  r e f le c te d  in  th e  
g re a te r  v a lu e  o f peak p re ssu re  o b ta in e d  w ith  th e  65mM K+ K re b 's  
s o lu t io n  (Peak P ressure  2) in  th e  m e s e n te r ic  v s c u la tu re  frcm  th e  
obese group (94.87 ± 7 .6 9  mmHg) compared w ith  th a t  o b ta in e d  in
t is s u e s  frcm  le a n  r a ts  (63 .49 ± 3 .3 9  mmHg), p<0.001.
The tim e  to  reach p la te a u  p re s s u re  w ith  'n o rm a l' K re b 's  s o lu t io n  
was s ig n i f ic a n t l y  g re a te r f o r  th e  m e s e n te r ic  v a s c u la tu re  frcm  obese 
r a ts  (17 .04  ±  0.88 m inu tes) th a n  f o r  t is s u e s  frcm  le a n  r a ts  (12.46 ±  
0 .89 m in u te s ) , p<0.001. A s im i la r  p a t te rn  was seen f o r  th e  tim e  to  
reach P la te a u  P ressure  2 , 16.27 ±  1.53 m inu tes f o r  t is s u e s  frcm  obese 
r a ts  and 10.25 ±  1 .09  fo r  t is s u e s  frcm  le a n  r a ts ,  p<0.001 . The tim e  
to  reach P la teau  P ressure  3 was s ig n i f ic a n t l y  le s s  f o r  t is s u e s  frcm  
obese r a ts  (21.82 ±  1 .92 ) th a n  f o r  those frcm  le a n  r a ts  (27 .00 ±
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0 .9 5 ) ,  p<0.001. I t  i s  o f  in te r e s t  to  no te  th a t  t h is  l a t t e r  t im e  was 
th e  tim e  to  reach  maximum p re ssu re , whereas th e  o th e r  two t im e  
p e rio d s  r e fe r r e d  t o  th e  tim es  t o  reach th e  m inimun p ressu re  le v e ls .  
T h e re fo re  th e  t is s u e s  frcm  th e  obese r a ts  a t ta in e d  th e  h ig h  p la te a u  
(P la te a u  P ressure  3) more r a p id ly  bu t to o k  lo n g e r to  reach th e  lew  
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T a b l e  3 . l ( x i i i )
Responses o f  th e  Is o la te d  p e rfu se d  m e s e n te ric  v a s c u la tu re  frcm  le a n  
and d ie ta ry  obese r a ts ,  a f te r  4 weeks, to  changes In  th e
c o n c e n tra tio n s  o f  p o ta ss iu a  and ca lc ium  In  th e  p e r fu s in g  K re b 's
s o lu t io n  (see F lg .1 4  fo r  specimen t r a c e ) .  A l l  va lu e s  shown as mean +_
s .e .m . . See s e c t io n  2 .2 .1  fo r  d e ta i ls  o f  th e  d i f f e r e n t  K re b 's
s o lu t io n s  used.
Lean D ie ta ry Obese S i
Peak p re ssu re  (mmHg)
( 'N o rm a l' K re b 's ) 1 61.73 +_ 5 .85 67.53 4 .27 n . s.
(n=7) - (n=9)
( 65mM K+ K re b 's ) 2 70.55 +_ 4 .94 80 .13 +_ 5 .93 n . s .
( n=8 ) (n*=8 )
P la te a u  p re ssu re  (mmHq)
( 'N o rm a l' K re b 's ) 1 31.26 1.41 29.67 +_ 1.03 n . s .
( n=8 ) (n=9)
(65mM K+ K re b 's ) 2 41.54 +_ 1.97 42.3 0 +_ 2 .5 8 n. s.
(n= 8 ) (n=9)
( 65mM K+/3mM Ca2 + ) 3 53 .61 +_ 2 .3 9 57 .7 9 +_ 4 .53 n . s.
( n=8 ) (n=9)
Time to  p la te a u
(m in u te s ) 1 13 .46 _+ 1 .19 13 .34 +_ 1.57 n . s.
2 10.82 1 .2  8 8.89 +_ 1.25 n. s.
3 21.54 +_ 1.98 21.93 + 3 .50 n. s .
* S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t's  t - t e s t
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T a b l e  3 . ! ( x i v )
Responses o f  th e  Is o la te d  p e rfu s e d  m e s e n te r ic  v a s c u la tu re  frcm  le a n
and d ie ta ry  obese r a ts ,  a f te r  8 weeks, to  changes I n  th e
c o n c e n tra t io n s  o f  potassium  and ca lc iu m  In  th e  p e r fu s in g  K re b 's
s o lu t io n  (see F ig .14 fo r  specimen t r a c e ) . • See s e c t io n  2 .2 .1  fo r
d e ta i ls  o f  the  d i f f e r e n t  K re b 's  s o lu t io n s  used. A l l  va lu e s  shewn as 
mean + s .e .m .
Lean D ie ta ry  Obese
Peak p re ssu re  (mmHg) 
( 'N o rm a l' K re b 's ) 1
(65mM K+ K re b 's ) 2
P la te a u  p re ssu re  (mmHg)
(65mM K K re b 's ) 2
(65mMK+/3mMCa2 +
Time to  p la te a u  
( m inu tes)
63 .98 + 3 .84 
(n= 8 )
63 .49 + 3 .39 
(n= 8 )
62.28 + 5 .72 
(n=6 )
94 .87 + 7 .6 9 
(n=1 0 )
n. s .
<0 .0 0 1
S) 1 30.59 + 1 .10 27 .11 + 0 .92 <0 .0 0 1
( n=8 ) (n=1 0 )
0 42 .6 0 + 1.47 55.00 + 4 .47 <0 .0 0 1
(n=8 ) (n=1 0 )
) 3 55 .92 + 2 .91 71.32 + 6 .98 <0.005
( n=8 ) ( n - 1 0 )
1
1 12.46 + 0 .89 17 .04 + 0 .88 <0 .0 0 1
2 10.25 + 1 .09 16 .27 + 1.53 <0 .0 0 1
3 27 .00 + 0 .95 21.82 + 1.92 <0 .0 0 1
c a lc u la te d  u s in g  S tu d e n t's t - t e s t
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3 .1 .8 O b se rva tio n  o f  th e  e f fe c ts  in  th e  r a t  o f lo n g  term  consum ption
o f a v a r ie d  p a la ta b le  d ie t .
The w e ig h ts  and a ls o  d e ta i ls  o f  fo o d  and w a te r in ta k e  o f r a ts  
g iv e n  la b o ra to ry  chow w ith  o r w ith o u t a v a r ie d  p a la ta b le  d ie t  f o r  up 
t o  16 weeks have been re p o r te d  in  s e c t io n s  3 .1 .2  and 3 .1 .1 ,  
re s p e c t iv e ly .  In  t h is  s tudy changes in  body w e ig h t and in  fo o d  and 
w a te r In ta k e  were m o n ito re d  frcm  16 to  60 weeks in  one group o f  6 
r a ts  o f fe re d  th e  p a la ta b le  d ie t  in  a d d it io n  t o  la b o ra to ry  chow. The 
purposes o f  t h is  s tudy were tw o - fo ld .  F i r s t l y ,  to  g a in  an in d ic a t io n  
o f  th e  degree o f o b e s ity  which may be induced in  t h is  an im a l model 
and se co n d ly , to  s tudy any lo n g  term  tre n d s  in  p a r t ic u la r  fo o d  
p re fe re n c e s .
The w e ig h ts  (g ) o f  th e  r a ts  were m o n ito re d  a t  v a r io u s  t im e s  
th ro u g h o u t th e  s tu d y : 398.67 ±  25.62 a f te r  16 weeks; 453 .50 ±  32.22
a f te r  25 weeks; 615.80 ±  44 .53 a f te r  42 weeks; 633 .00 ± 4 5 .1 8  a f te r  
48 weeks; 661.80 ±  45 .00 a f te r  52 weeks; 697 .20 ±  38 .79  a f te r  59
weeks and 706 .00 ±  39.87 a f te r  60 weeks. T y p ic a l w e ig h ts  o f  le a n  and 
d ie ta r y  obese r a t s  up to  20 weeks a re  shewn in  T ab le  3 .1( i l l )  and 
F ig .7 .  One o f th e  r a t s  o f  the  group deve loped m id d le  ear d isease 
d u r in g  week 30 and had to  be k i l le d .  A l l  read ings  a f te r  th a t  p e r io d  
o f  tim e  a re  th e re fo re  f o r  5 r a ts  o n ly .
The in ta k e  o f th e  p a la ta b le  fo o d  ite m s  a l te r e d  d u r in g  th e  course 
o f th e  s tu d y . Tab le  3 .1 (x v )  shows th e  24-hour in ta k e  o f th e  v a r io u s  
fo o d  ite m s  ( in c lu d in g  chow) frcm  weeks 16 to  60 . T y p ic a l in ta k e  o f 
d ie ta r y  obese r a ts  a f te r  4 , 8 , and 12 weeks, ta ke n  frcm  an e a r l ie r  
s tudy  are  a ls o  in c lu d e d  f o r  com parison. I t  can be seen th a t  th e  
in ta k e  o f c h o c o la te  in c re a se d  c o n s id e ra b ly  as th e  s tudy  p rog ressed , 
w ith  th e  24 -ho u r In ta k e  a f te r  52 weeks b e in g  a lm ost 10 tim es th a t
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a f te r  4 weeks. In ta k e  o f luncheon meat a ls o  g e n e ra lly  Increased  w ith  
t im e , th e  In ta k e  a f te r  6 0 weeks b e in g  a p p ro x im a te ly  tw ic e  th a t  a f t e r  
4 weeks; a lth o u g h , th e re  was a p e r io d  between 12 and 16 weeks when 
v e ry  l i t t l e  luncheon meat was e a te n . The in ta k e  o f R ice K r is p ie s  f e l l  
s l i g h t l y  w ith  t im e , be in g  g re a te s t a f t e r  4 weeks. The in ta k e  o f th e  
la b o ra to ry  chow shewed no p a r t ic u la r  tre n d  th ro u g h o u t th e  s tu d y .
The d a i ly  in ta k e  o f w a te r (m l) showed no p a r t ic u la r  tre n d  d u r in g  
th e  s tu d y . A l l  th e  va lu e s  a re  expressed as mean ±  s .e .m . f o r  7 days 
each week ( th e  v a lu e  per r a t  i s  shown, c a lc u la te d  frcm  th e  volume 
consumed d a i ly  per g ro u p ): a f t e r  16 weeks 23 .80 ± 0 . 9 2 ;  a f t e r  25
weeks 22.13 ±  0 .86 ? a f t e r  48 weeks 23 .57 ±  0 .9 0 ; a f t e r  54 weeks 22.43 
±  0 .37 ; a f t e r  56 weeks 22.71 ± 0 . 5 7 ;  a f t e r  5 9 weeks 22.00 ± 0 .6 2  and
a f te r  60 weeks 22 .74 ± 1 . 1 9 .  For w a te r In ta k e  o f le a n  and d ie ta ry  
obese r a ts  up t o  16 weeks see T ab le  3 . 1 ( i i ) .
3 .1 .9  W eight, b lood  p re ssu re  and h e a r t  ra te  o f n a iv e  (s to c k )  W is ta r  
r a ts  o f  d i f f e r e n t  ages ( frc m  28 to  83 days a f te r  w e a n in g ).
To a s c e r ta in  whether th e  e f fe c ts  o f  th e  h a n d lin g  and m o n ito r in g  
procedures a l te r e d  th e  changes in  w e ig h t, s y s to l ic  b lood  p re ssu re  and 
h e a r t  ra te  w h ich w ou ld  n o rm a lly  occur w ith  tim e  in  r a ts ,  n a ive  W is ta r  
r a ts  were taken  a t  random and s in g le  'one o f f '  s e ts  o f  measurements 
o f h e a r t ra te  and b lood  p re ssu re  made in  th e  usua l way (see s e c t io n  
2 .8 .3 ) .  The r a ts  were th e n  weighed and re tu rn e d  t o  s to c k . The v a lu e s  
o b ta in e d  w ith  these na ive  r a ts  were th e n  compared w ith  those o f 
age-matched le a n  t ra in e d  r a ts ,  who had had t h e i r  h e a r t  ra te s  and 
b lood  p ressu res  measured on s e v e ra l p re v io u s  o cc a s io n s . A l l  r a ts  were 
m a in ta in e d  on s tanda rd  la b o ra to ry  chew and w a te r . The w e ig h ts  
in c rea sed  s te a d i ly  w ith  tim e  (see F ig .1 6 ) : 155.5 ± 7 . 2  a t  28 days
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a f te r  w ean ing ; 210.5 ± 2 . 0  a t  52 days ; 223 .6 ± 4 . 8  a t  63 days ; 237 .7 
± 3 . 4  a t  70 days and 252.5 ± 5 . 4  a t  83 days. The v a lu e  a t  83 days
a f t e r  w eaning was n o t s ig n i f ic a n t l y  d i f f e r e n t  frcm  th e  v a lu e  f o r  th e  
age-m atched, t ra in e d ,  exp e rim e n ta l an im a ls  ( a f t e r  6 weeks chow) 
(254 .3  ±  5 .0 ) ,  see Tab le  3 .1( i i i )  . Thus, th e  re g u la r  h a n d lin g  and
m o n ito r in g  p rocedures w h ich  th e  exp e rim e n ta l an im a ls  were s u b je c te d  
t o  d id  n o t a f fe c t  w e ig h t g a in .
B lood  p re ssu re  (mmHg) showed a s l i g h t  tendency to  in c re a se  w ith  
tim e  (see F ig . 1 5 ) :  108.0 ± 2 . 9  a t  2 8 days a f t e r  w ean ing ; 104.2 ±  1 .7  
a t  52 days ; 115.7 ± 3 . 4  a t  63 days ; 114.8 ± 4 . 7  a t  70 days and 116.0
±  3 .0 a t  83 days. The v a lu e  a t  70 days was s im i la r  to  t h a t  o f  th e
age-m atched, t ra in e d ,  e xp e rim e n ta l an im a ls  ( a f t e r  4 weeks chow), 
which was 114.3 ±  3 .3  mmHg. However, b lood  p re ssu re s  o f  th e
e x p e rim e n ta l an im a ls  th e n  in c re a se d  r a p id ly  and th e  v a lu e  f o r  th e  
e x p e rim e n ta l an im a ls  a f t e r  6 weeks (chow -fed ) was c o n s id e ra b ly  
g re a te r  than  th a t  o f th e  age-matched n a iv e  s to c k  r a ts  (83 days a f te r  
w e a n in g ); 137.9 ±  3 .5  mmHg and 116.0 ± 3 . 0  mmHg, re s p e c t iv e ly  (see
a ls o  T ab le  3 . 1 ( i v ) ) .  Thus, i t  appears th a t  th e  re p e a te d  m o n ito r in g  o f 
b lo o d  p re ssu re  and genera l h a n d lin g  may have Induced some e le v a t io n  
i n  b lood  p re s s u re . The h e a r t  r a te  (b e a ts  pe r m in u te ) o f  th e  n a ive  
r a ts  shewed no p a r t ic u la r  tre n d  w ith  t im e /a g e : 358.4 ± 9 . 4  a t  28 days 
a f te r  w ean ing ; 350 .2 ±  11.2 a t  52 days; 341.2 ± 6 . 9  a t  63 days; 326 .3
± 8 . 7  a t  70 days and 358.6 ±  11.9  a t  83 days. As w ith  b lood  p re ssu re
v a lu e s , th e  h e a r t  ra te s  o f th e  na ive  r a ts  were c o n s id e ra b ly  low er 
th a n  those  o f th e  age-m atched le a n  e xp e rim e n ta l ( t r a in e d )  r a ts  (see 
Tab le  3 . 1 ( v i i ) .  Thus, th e  h a n d lin g  and m o n ito r in g  p rocedures may have 
induced some e le v a t io n  in  h e a r t  r a te .
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T a b l e  3 . ! ( xv)
D a lly  In ta k e  o f th e  d i f f e r e n t  fo o d  Item s by d ie ta ry  obese r a t s  
th ro u g h o u t a 60 week s tu d y  (g  pe r r a t ) .
Chow Rice D ig e s t iv e  Luncheon Chocol a te
Week K r is p ie s  B is c u its  Meat
4 3 .42 13 .00 3 .33 1.08 0.75
8 2 .00 11.33 4.17 3.25 1.63
12 2.31 9.39 0.50 3 .11 2.22
16 6 .17 7 .50 1.67 4.17 2.33
25 3 .83 10.00 4.17 4.67 2.83
42 4.40 11.60 5.60 5.20 4.80
48 3 .50 10.00 3 .70 4 .60  5.10
52 1.70 12.00 5.80 5.00 7 .20






























- F ig .  15 Minimum s y s t o l ic  b lo o d  p re ssu re  (mmHg) o f  s to c k  fem ale 
W is ta r  r a ts  o f  d i f f e r e n t  ages (days s in c e  w e a n in g ).
A l l  va lu e s  shown as mean + s .e .m . 
F o r "n "  v a lu e s  see t e x t ,  s e c t io n  3.
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3 . 2  THE EFFECTS OF DIFFERENT METHODS OF WEIGHT REDUCTION ON
CARDIOVASCULAR PARAMETERS
As s ta te d  in  s e c t io n  2 .8 .6 ,  a l l  groups excep t f o r  th e  le a n  
c o n tro ls  (L ) re c e iv e d  th e  p a la ta b le  d ie t  i n  a d d it io n  t o  la b o ra to ry  
chew fo r  th e  f i r s t  4 weeks o f  th e  s tu d y . For th e  second 4 week p e r io d  
th e  d ie ta ry  obese group (D ), th e  c o n tro l-d o s e d  obese group (CD), th e  
am phe tam ine-trea ted  group (AMHI), th e  fe n f lu ra m in e - t re a te d  group 
(FEN) and th e  m a z in d o l- tre a te d  group (MAZ) c o n tin u e d  to  re c e iv e  th e  
p a la ta b le  d ie t ,  bu t group WD had th e  p a la ta b le  d ie t  w ith d ra w n  f o r  th e  
second 4 weeks o f  th e  s tudy  and re c e iv e d  o n ly  chow. The le a n  c o n tro ls  
c o n tin u e d  t o  re c e iv e  chew o n ly  th ro ugho u t th e  second 4 weeks o f the  
s tu d y .
3 .2 .1  Food and w a te r in ta k e  fo l lo w in g  th e  w ith d ra w a l o f th e  
p a la ta b le  d ie t  o r the  a d m in is t ra t io n  o f  amphetamine, 
fe n f lu ra m in e  o r m a z in d o l.
The r e s u l t s  f o r  fo o d  and w a te r in ta k e  in  le a n  and d ie ta ry  obese 
r a ts  were d iscussed  e a r l ie r  ( s e c t io n  3 .1 .1 ) .
a) W ithd raw a l o f th e  p a la ta b le  d ie t
D a ily  n u t r ie n t  in ta k e  o f r a ts  who had had t h e i r  p a la ta b le  d ie t  
w ith d ra w n  (WD) was c a lc u la te d  and compared w ith  v a lu e s  f o r  chew -fed, 
age-matched le a n  c o n t ro ls  (L ) and d ie ta ry  obese r a ts  s t i l l  re c e iv in g  
th e  p a la ta b le  d ie t  (D ) .  The r e s u l t s  a re  shown in  T ab le  3 .2( i )  • I t  can 
be seen frcm  t h is  ta b le  t h a t  th e  in ta k e  o f a l l  n u t r ie n ts  by group WD 
was a p p ro x im a te ly  50% o f  th a t  o f  L d u r in g  th e  f i r s t  week fo l lo w in g  
th e  w ith d ra w a l o f th e  p a la ta b le  d ie t .  The fo o d  in ta k e  o f group WD 
subsequen tly  in c re a se d  w ith  tim e  and by week 8 o f t h is  s tudy 
approached t h a t  o f  th e  le a n  age-m atched c o n t ro ls  ( L ) .  Water in ta k e  o f
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group WD f e l l  below th a t  o f th e  obese age-m atched group (D) when th e  
p a la ta b le  d ie t  was w ith d ra w n  (week 5 ) ,  see T ab le  3 .2 (1 1 ) ,  and 
re n a ln e d  c o n s ta n t th ro u g h o u t th e  rem a inder o f th e  w ith d ra w a l p e r io d ,
b) The e f fe c ts  o f  th e  a n o re c t ic  drugs on fo o d  and w a te r In ta k e .
Food In ta k e  was n o t  m o n ito re d  r e g u la r ly  d u r in g  th e  s tu d ie s  u s in g  
th e  a n o re c t ic  d rugs, as t h e i r  e f f ic a c y  In  re d u c in g  fo o d  In ta k e  has 
been w e l l  e s ta b lis h e d . Hcwever, food  In ta k e  was m o n ito re d  f o r  one 
24-hour p e r io d  f o r  each d ru g - tre a te d  group (AMIH, FEN, MAZ) d u r in g  
th e  t h i r d  week o f  d rug  a d m in is t ra t io n .  The a n o re c t ic  e f fe c t  o f  a l l  
th re e  drugs can be c le a r ly  seen f r a n  Tab le  3 .2( i l l )  .
A m phe tam ine-trea ted  and m a z in d o l- tre a te d  groups showed a s im i la r
In ta k e  o f most n u t r ie n ts .  However, food  in ta k e  by th e
fe n f lu ra m in e - t re a te d  r a ts  was c o n s id e ra b ly  g re a te r  (see s e c t io n  4 .5  
fo r  d is c u s s io n  o f  n u t r ie n t  In ta k e  by AMIH, FEN, MAZ and WD).
W ater in ta k e  was m o n ito re d  d u r in g  th e  second week o f  d rug  
a d m in is t ra t io n  and th e  r e s u l t s  were as f o l lc w s :  AMIH 16.49 ml per r a t  
per day; FEN 15.48 ml per r a t  per day; MAZ 15.97 ml per r a t  per day, 
compared w ith  25.29m l per r a t  per day fo r  d ie ta ry  obese u n tre a te d  
r a ts  and 18.44m l per r a t  per day fo r  le a n  c o n t ro ls .  Thus w a te r in ta k e  
was reduced in  a l l  d ru g - tre a te d  r a ts  compared t o  age-matched le a n  and 
obese u n tre a te d  r a ts .
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T a b l e  3 .2 (  i )
D a lly  n u t r ie n t  In ta k e  per r a t  d u r in g  weeks 5 to  8 o f s tudy . WD= 
p a la ta b le  d ie t  p lu s  chow fo r  weeks 1 -4 , th e n  p a la ta b le  d ie t  w ith d ra w n
fo r  weeks 5 -8 ; L= 
chow fo r  weeks 1-8
chow o n ly fo r  weeks 1 -8 ; D= p a l a tab:
WD L D
Week 5
Energy ( k c a l) 20 .94 46 .14 82 .53
P ro te in  (g ) 1.33 2.99 1.94
F a t (g ) 0.18 0 .3 9 1.57
C arbohydrate  (g ) 4.18 9.42 17 .33
F ib re  (g ) 0.26 0 .6  0 0.96
Sodium (mg) 23 .94 42 .37 181.12
F o tass iun  (mg) 55.00 109.80 57 .42
C a lc iu n  (mg) 
Week 6
58.67 120 .22 35.01
Energy ( k c a l) 24.7 5 41.14 80 .54
P ro te in  (g ) 1.57 2.72 1.92
F a t (g ) 0 .2 1 0.33 1.55
Carbohydrate  (g ) 4.94 9.0 2 16 .51
F ib re  (g ) 0 .31 0.54 0 .93
Sodium (mg) 24.03 44.02 169.98
Potassium (mg) 65.00 100 .01 55.41




T a b l e  3 .2 (  i )  c o n t i n u e d :
WD L D
Week 7
Energy ( k c a l) 29.98 42 .31 80 .6 9
P ro te in  (g ) 1.90 2 .81 1.93
F a t (g ) 0.25 0.34 1.57
C arbohydrate  (g ) , 5.98 9.33 16 .88
F ib re  (g ) 0.3 8 0.57 0.97
Sodium (mg) 34.63 43 .44 173 .52
Potassium (mg) 78.75 108.99 56 .13
Calcium (mg) 84 .00 116 .41 33 .04
Week 8
Energy ( k c a l) 35.45 43 .42 86 .2 5
P ro te in  (g ) 2.25 2.7  5 1.94
F a t (g ) 0.3 0 0.37 2.4 8
C arbohydrate  (g ) 7.07 8 .6 6 15.11
F ib re  (g ) 0.45 0 .55 0.93
Sodium (mg) 34.56 42 .5 8 185 .7 8
Potassium (mg) 93 .13 114 .06 51.18
Calcium (mg) 99.33 121.67 25.44
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T a b l e  3 .2 (  i i )
D a lly  w a te r In ta k e  (m l) per r a t  d u r in g  weeks 5 to  8 o f s tu d y .
WD L D
Week 5 20 .06 18.81 24.40
Week 6 19.46 19.53 26 .5 9
Week 7 20 .00 18.44 25.29
Week 8 21.08 18.11 24.60
Tab le 3 .2( i l l )
D a ily  in ta k e  o f n u t r ie n ts  (p e r r a t )  d u r in g  th e  t h i r d  week o f 
a d m in is t ra t io n  o f  th e  a n o re c t ic  d rug  (week 7 o f s tudy) . AMTH= 
amphetamine 5mg/kg d a ily ?  FEN= fe n flu ra m in e  lOm g/kg d a ily ?  MAZ= 
m azindo l 4mg/kg d a ily ?  D= d ie ta ry  obese, u n tre a te d .
AMHI FEN MAZ D
Energy ( k c a l) 34.87 60.62 36 .55 80 .6 9
P ro te in  (g ) 0.93 1.4 8 0 .91 1.93
F a t (g ) 1.51 1.96 1.30 1.57
C arbohydrate  (g ) 4.83 10.04 5 .75 16 .88
F ib re  (g ) 0 .26 0.63 .0 .34 0 .97
Sodium (mg) 42 .41. 113 .23 71.04 173.52
F o tass iun  (mg) 31.3 9 41.56 28.19 56 .13
C a lc iun  (mg) 24.08 26 .24 18.18 33 .04
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3 .2 .2 T h e  e f f e c t s  o f  t h e  v a r i o u s  w e i g h t - r e d u c i n g  r e g i m e n s  o n  body
w e ig h t
The w e ig h ts  o f  th e  r a ts  a re  shown in  T ab le  3 .2( i v ) . There were 
sm a ll bu t s ig n i f ic a n t  d if fe re n c e s  in  body w e ig h t between some o f th e  
groups a t  th e  s t a r t  o f  week 1 , th e re fo re  th e  changes in  body w e ig h t
d u r in g  th e  s tudy were used f o r  th e  purpose o f a n a ly s is  (see Tab le
3 .2 (v )  and F ig . l7 ) a  & b) fo r  v a lu e s ) .  A l l  groups re c e iv in g  th e
p a la ta b le  d ie t  ga ined s ig n i f i c a n t l y  more w e ig h t d u r in g  th e  f i r s t  4 
weeks o f  th e  s tudy than  th e  le a n  c o n t ro ls  (p<0 . 0 1  o r le s s ) ,  though 
th e re  was c o n s id e ra b le  v a r ia t io n  in  th e  a c tu a l w e ig h t ga ined by these 
groups w ith  v a lu e s  ra n g in g  frcm  77 .00 ±  3 .96g f o r  group D to  48.67 ±  
4 .79g  f o r  MAZ. D u rin g  th e  second 4 weeks o f  th e  s tudy  th e  d ie ta ry  
obese group c o n tin u e d  to  g a in  more w e ig h t th a n  th e  le a n  c o n tro ls
(36 .50 ±  4 .19g and 21.17 + 1 .2 5 g ) , p<0.001 . The c o n tro l o ra lly -d o s e d  
obese group (CD) a ls o  ga ined more w e ig h t than  th e  le a n  c o n tro ls  
(25 .87 ± 3 . 9 7 ) ,  though t h is  d if fe re n c e  d id  n o t reach s ig n if ic a n c e .  
A l l  th e  r a t s  i n  group WD lo s t  w e ig h t d u r in g  th e  second h a l f  o f th e  
s tu d y , th e  mean w e ig h t lo s s  f o r  th e  group was 19.00 ±  2 .94g. W h ile  
th e  mean w e ig h t lo s s  f o r  th e  group re c e iv in g  amphetamine (AMES) was 
s im i la r  to  t h a t  o f WD (22.92 ±  5 .1 0 g ) ,  th e  w e ig h t changes w i t h in  th e  
group ranged f r a n  +10 to  -5 4g , i l l u s t r a t i n g  th e  c o n s id e ra b le  
in t e r - in d iv id u a l  v a r ia t io n  in  th e  response to  amphetamine. A l l  r a ts  
in  th e  group w h ich  re c e iv e d  fe n f lu ra m in e  (FEN) lo s t  w e ig h t (mean 
w e ig h t lo s s  11.67 ±  0 .9 8 g ) .  The w e ig h t change w h ich  occu rre d  w ith
m azindo l a d m in is t ra t io n  was e x tre m e ly  v a r ia b le ,  ra n g in g  f ra n  +9 to  
-36g , w ith  th e  mean e f fe c t  be ing  a lo s s  o f  11.50 ±  6 .14g.
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T a b l e  3 .2 (  i v )
W eight (g ) o f  r a ts  a t  th e  s t a r t  o f week 1 , and a f t e r  4 and 8 weeks o f  
s tu d y . A l l  va lues  expressed as mean +_ s .e .m . fo r  group. For 
a b b re v ia t io n s  o f  groups see s e c t io n  3.2
S ta r t  week 1 A f te r  4> weeks A f te r  IB weeks
L ( n = l2) 215.83 +_ 1.6  5 252 .08 +_ 3 .4 8 273.25 + 2 .86
D (n=12) 214.58 + 2 .3 0 291.5 8 +_ 4 .99 328.08 + 8 .52
CD ( n=8 ) 207 .12 +_ 3 .22 277 .25 +_ 5 .92 3 03 .13 + 7 .84
WD ( n=8 ) 206 .25 + 3 .52 263 .88 +_ 3 .00 244.88 + 2 .3 2
AMIS ( n=12) 208.33 _+ 2 .05 269.58 +_ 7 .23 246 .67 + 7 .04
FEN ( n=12) 212.58 +_ 1.73 267 .92 3 .93 256 .25 + 3 .90
MAZ ( n=6 ) 212 .00 + 1.7  9 262 .33 +_ 6 .43 251.17 + 7 .56
Tab le  3 .2( v)
Changes in  w e ig h t (g ) o f  groups o f  r a ts  d u r in g  th e  f i r s t  and second 
fo u r  week p e r io d s . A l l  v a lu e s  expressed as mean +_ s .e .m . fo r  group.
L ( n = l2) 
D (n = l2) 
CD ( n=8 ) 
WD ( n=8 )
S ta r t  Week 1 
to  End Week 4 
+36 .25 + 2 .99
+77 .00 + 3 .96 * *
+70.12 + 5 .49 * *
+57 .62 + 3 .96 * *
AMIS ( n=12) +61.25 + 5 .73 * *
FEN ( n=12) +55.33 + 4 .15 * *
MAZ ( n=6 ) +4 8.67 + 4 .79 *
* s ig n i f i c a n t l y  g re a te r  th a n  L p<0 .0 1  
* *  s ig n i f i c a n t l y  g re a te r  th a n  L p<0 .0 0 1  
(S ig n if ic a n c e  c a lc u la te d  u s in g  D u n n e tt 's  t e s t )
S ta r t  Week 5 
to  End Week 8 
+21.17 + 1 .25  
+36 .50 + 4 .19 * *  
+25.87 + 3 .97 
-19 .00  + 2 .94 
-22 .92  + 5 .10 
-11 .67  + 0 .98 
-11 .50  + 6 .14
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F ig . 17
a) Body weight gain during the f i r s t  4 weeks o f the study (g) 
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b) The e f fe c t  o f w ithdrawal o f the p a la tab le  d ie t  or treatm ent 
anorectic  drugs upon body weight change during the second 4 






























3 .2 .3 T h e  e f f e c t s  o f  t h e  d i f f e r e n t  m e th o d s  o f  w e i g h t  r e d u c t i o n  o n
minimum s y s to l ic  b lood  p re s s u re .
The minimum s y s to l ic  b lood  p re s s u re  v a lu e s  a re  shown in  T ab le  
3 . 2 ( v i )  and i l l u s t r a t e d  in  F ig .1 8 . Fran these data  i t  can be seen 
th a t  th e  b lood  p re ssu re s  o f  th e  groups were d is s im i la r  a t  th e  s t a r t  
o f  week 1 , th e re fo re  th e  changes in  b lood  p re ssu re  o c c u r r in g  d u r in g  
th e  d i f f e r e n t  e xp e rim e n ta l p e r io d s  were used f o r  a n a ly s is  (see T ab le  
3 . 2 ( v i i ) ) .  Minimum s y s to l ic  b lood  p re s s u re  in c re a s e d  f o r  a l l  groups 
d u r in g  th e  f i r s t  4 weeks o f  th e  s tu d y , th e  ra te  o f Increase  be in g  
g re a te r  i n  those  groups w h ich re c e iv e d  th e  p a la ta b le  d ie t  (D, CD, WD, 
AMFH, IEN and MAZ) th a n  in  th e  chcw -fed  group (L ) (see Tab le  3 . 2 ( v i i )  
and F ig .1 8 )  .
D u rin g  th e  second 4 week p e r io d  groups D and CD m a in ta in e d  t h e i r  
e le v a te d  b lo o d  p re ssu re s  (141.00 +_ 4.47 and 142.62 £  3 .54  mmHg,
r e s p e c t iv e ly ) . The mean change in  b lood  p re ssu re  f o r  D d u r in g  t h i s  
p e r io d  was -0 .6 7  £  4 .16 mmHg and f o r  CD, +2.62 £  4 .18  mmHg. The mean
b lo o d  p re s s u re  f o r  th e  le a n  group rem ained s ta b le  over th e  second 4 
week p e r io d ,  w ith  a mean change o f +1.17 £  3 .89  mmHg. The b lood
p re ssu re  o f group WD f e l l  by 14.37 £  7 .37  mmHg d u r in g  th e  4 week
p e r io d  o f  w ith d ra w a l o f th e  p a la ta b le  d ie t ,  b r in g in g  i t  to  th e  same 
le v e l  as th a t  o f  group L . The range o f change in  b lood  p re ssu re  f o r  
group WD was -43 to  +15mmHg (tw o  r a ts  showed in c re a s e s  o f  10.5  and 
15 mmHg r e s p e c t iv le y )  . C ons ide rab le  v a r ia t io n  was seen between th e  
changes in  s y s t o l i c  b lo o d  p re ssu re  o f th e  th re e  groups re c e iv in g  th e  
a n o re c t ic  d rugs . AMFH shewed o n ly  a modest f a l l  in  b lood  p re s s u re  
( -4 .5 5  £  4 .37mmHg). The use o f mean v a lu e s  obscures th e  f a c t  t h a t
in c re a se s  in  b lo o d  p re s s u re  (1 3 .5 , 14 and 2 mmHg) were seen in  th re e
r a ts  o f  t h is  g roup . FEN showed a s ig n i f ic a n t l y  g re a te r  re d u c t io n  in
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b lood  p re s s u re  th a n  any o f th e  o th e r  groups (p<0 .0 0 1 ) w ith  a mean 
f a l l  o f 27 .32 + 3 .68  mmHg. A l l  th e  r a t s  In  th e  group showed a f a l l  In  
b lo o d  p re s s u re  o f a t  le a s t  lOmmHg and I n  th re e  r a ts  th e  f a l l  was 
40mmHg o r  g re a te r .  MAZ showed a s m a ll Inc rease  I n  b lood  p re ssu re  f o r  
th e  group as a w hole  (+4 .50 + 8 .93 mmHg). As f o r  AMPH, th e  use o f th e  
mean v a lu e  obscures th e  f a c t  th a t  c o n s id e ra b le  In c re a se s  In  b lood  
p re ssu re  were seen In  h a l f  o f t h is  sm a ll group o f  r a ts  (1 2 , 24 and 32 
mmHg) w h i ls t  th e  o th e r  h a l f  o f th e  group showed re d u c tio n s  (5 ,  11 and 
25 mmHg).
The c o r r e la t io n  c o e f f ic ie n t  ( r )  was c a lc u la te d  f o r  changes In  
w e ig h t and changes In  b lood  p re ssu re  f o r  a l l  groups d u r in g  th e  
d i f f e r e n t  s tages o f  th e  s tudy (see Tab le  3 . 2 ( v l i l ) ) .  Only In  group CD 
was a s ig n i f ic a n t  p o s i t iv e  c o r r e la t io n  seen between changes in  w e ig h t 
and b lo o d  p re s s u re  d u r in g  th e  f i r s t  4 weeks o f  th e  s tu d y . Hcwever, 
d u r in g  th e  second h a l f  o f th e  s tu d y , a s tro n g  n e g a tiv e  c o r r e la t io n  
was seen between changes in  b lood  p re s s u re  and changes In  w e ig h t in  
groups AMPH and MAZ. The r a ts  w h ich  lo s t  th e  most w e ig h t in  these  
groups showed th e  g re a te s t e le v a t io n  in  b lood  p re s s u re  (see s e c t io n
4.5  fo r  f u r t h e r  d is c u s s io n ) .
3 .2 .4 The e f fe c ts  o f  th e  d i f f e r e n t  methods o f  w e ig h t re d u c t io n  on ' in  
v iv o ' h e a r t  r a te .
The h e a r t  ra te s  o f  th e  v a r io u s  groups were d is s im i la r  a t  th e  
s t a r t  o f week 1 (see  Tab le  3 . 2 ( l x ) ) ,  th e re fo re  th e  a b s o lu te  v a lu e s  
a re  u s e fu l o n ly  to  observe changes o c c u r r in g  w i t h in  a group and 
genera l tre n d s . The changes in  h e a r t  r a te  o c u r r in g  d u r in g  th e  
d i f f e r e n t  s tages  o f  th e  experim ent were th e re fo re  used f o r  
com parisons between groups (see Tab le  3 . 2 ( x ) ) .  D u ring  th e  f i r s t  4
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weeks o f  th e  s tu d /  a l l  th e  groups o f  r a ts  re c e iv in g  th e  p a la ta b le  
d ie t  showed g re a te r In c re ases  I n  h e a r t  r a te  th a n  le a n  c o n t ro ls ,  
though t h is  d if fe re n c e  o n ly  reached s ig n if ic a n c e  f o r  groups MAZ and 
CD (p<0 .001) and D (p < 0 .0 1 ), the  f i r s t  two o f these groups show ing 
la rg e  In c re a se s  I n  h e a r t  ra te  (47 .25 £  5 .28  and 48.46 £  8 . 6 8  b e a ts
per m in u te , r e s p e c t iv e ly ) .
D u rin g  th e  second 4 week p e r io d  o f  th e  s tudy th e  d ie ta ry  obese 
group (D) a g a in  showed a g re a te r In c re a se  In  h e a r t  r a te  th a n  le a n  
c o n t ro ls  (1 7 .2 9  £ 7 .9 2  and 7.37 £ 7 .0 8  bea ts  per m in u te ) ,  though t h is  
d i f fe re n c e  was n o t s ig n i f ic a n t .  Group CD (c o n tro l-d o s e d  obese) shewed 
a sm a ll f a l l  In  h e a r t  ra te  (-1 1 .3 7  £  8.33 b e a ts  per m in u te ) .  The 
w e ig h t-re d u c e d  groups WD, AMIH and FEN a l l  showed s ig n i f i c a n t l y  
g re a te r  re d u c tio n s  in  h e a r t  r a te  (b e a ts  per m in u te ) th a n  d ie ta r y  
obese (D) and le a n  (L ) groups : WD (-1 9 .5 0  £  8 .5 4 ) ;  AMIH ( -4 4 .3  0 £
10 .65 ) and FEN (-3 6  .32 £ 6 . 4 5 ) .  The m a z in d o l- tre a te d  group, hcwever, 
showed a la rg e  in c re a s e  in  h e a r t  r a te  (74 .30  £  13.10 b e a ts  per
m in u te ) w ith  5 o u t o f th e  6 r a ts  in  th e  group h a v in g  a h e a r t  r a te  o f 
g re a te r  th a n  420 b e a ts  per m inu te  and one r a t  h a v in g  a h e a r t  r a te  o f 
505 be a ts  pe r m in u te . I n te r e s t in g ly ,  t h is  r a t  a ls o  shewed th e  
g re a te s t w e ig h t lo s s  o f th e  group, and th e re  was a s ig n i f ic a n t  
n e g a tiv e  c o r r e la t io n  (p<0.0 5) f o r  th e  group as a w ho le  between change 
in  h e a r t  r a te  and change in  body w e ig h t d u r in g  th e  second 4 weeks o f  
th e  s tudy  (see  T ab le  3 . 2 ( x i ) ) .  Thus these  data  show th a t  m az indo l can 
cause ta c h y c a rd ia .  The c o r r e la t io n  c o e f f ic ie n t  ( r )  was c a lc u la te d  f o r  
a l l  groups, between w e ig h t change and change in  h e a r t  r a te  d u r in g  th e  
d i f f e r e n t  p e r io d s  o f  th e  expe rim en t. The v a lu e s  a re  shown in  T a b le  
3 . 2 ( x i ) .  However, th e  o n ly  s ig n i f ic a n t  c o r r e la t io n  found  was f o r  th e  
m a z in d o l- tre a te d  r a t s  d u r in g  th e  second h a l f  o f th e  s tu d y .
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T a b l e  3 .2 (  v i )
Minimum s y s to l ic  b lood  p re ssu re s  (mmHg) o f  r a ts  a t  s t a r t  o f week 1 
and a f t e r  4 and 8 weeks o f  s tu d y . A l l  va lu e s  expressed as mean + 
s .e .m . f o r  group. For a b b re v ia t io n s  used see s e c t io n  3 .2 .
S ta r t  Week 1 A f te r  4 weeks • A f te r  8 weeks
L ( n=12) 118.83 +_ 2 .3 2 126 .83 +_ 3 .04 128.00 +_ 2 .57
D (n=12) 118 .33 +_ 3 .81 141.67 +_ 3 .2 9 141.00 + 4 .47
CD ( n=8 ) 124.37 +_ 3 .16 140 .00 +_ 4 .45 142 .62 +_ 3 .54
WD ( n=8 ) 124.37 +_ 4 .98 141.87 +_ 5 .31 127 .50 +_ 3 .26
AMIH ( n=12) 109.04 + 2 .21 123 .2 5 + 2 .62 118.91 4 .7 9
FEN ( n=12) 115.46 +_ 3 .03 131.77 +_ 3 .34 104.45 +_ 3 .3 0
MAZ ( n=6 ) 120 .00 +_ 1 .7  8 144.83 5 .41 149.33 7 .33
Tab le  3 . 2 ( v i i )
Changes in  m lnimun s y s t o l ic  b lood  p re ssu re s  (mmHg) o f  r a ts  d u r in g  
th e  f i r s t  and second fo u r  week p e r io d s . A l l  v a lu e s  expressed as mean 
+_ s .e .m . fo r  g roup .
S ta r t Week 1 S ta r t  Week 5
to  End Week 4 to  End Week 8
L ( n=12) +8 . 0 0 + 3 .04 +1.17 + 3 .89
D (n=12) +23 .33 + 3 .86 -0 .67 + 4 .16
CD ( n=8 ) +15 .6 2 + 5.16 +2 .6 2 + 4 .18
WD (n=8 ) +17 .50 + 4 .64 -14 .37 + 7 .37
AMPH ( n=12) +14 .21 + 2 .6 9 -4  .55 + 4 .37
FEN ( n=12) +15.0 9 + 3 .89 -27 .3 2 + 3 .6 8
MAZ ( n=6 ) +24 .83 + 5 .70 +4 .50 + 8 .93
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F i g .  18 T h e  e f f e c t  o f  d i f f e r e n t  m e t h o d s  o f  w e i g h t  . r e d u c t i o n  on












S ta r t  o f  End o f  End o f
week 1 week 4 week 8
A l l  values shown as mean for group. Error bars omitted, 
see Tab le 3.2(vi)f0r s.e.m. values.
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T a b l e  3 .2 (  v i i i )
C o rre la t io n  c o e f f ic ie n t  ( r )  fo r  changes in  w e ig h t (g )  and changes in  
b lood  p re ssu re  (mmHg) o f  r a ts  d u r in g  th e  f i r s t  and second fo u r  week 
p e rio d s  o f  th e  s tu d y . For a b b re v ia t io n s  see s e c t io n  3.2
S ta r t  Week 1 
to  End Week 4 
L ( n=12) -0 .1703
D (n=12) -0  .3081
CD ( n=8 ) 0.7557 *
WD ( n=8 ) -0 .1044
AMPH ( n=12) 0.1977
FEN ( n=12) -0 .1742
MAZ ( n=6 ) 0.5162
*  s ig n i f ic a n t  p<0.05 
* *  s ig n i f ic a n t  p<0 . 0 1
S ta r t  Week 5 
to  End Week 8 




-0 .7  898 * *
-0  .3365 
-0 .93 24 * *
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T a b l e  3 .2 (  i x )
' I n  v iv o *  h e a r t  ra te  (b e a ts  per m in u te ) o f  r a ts  a t  s t a r t  o f week 1 
and a f t e r  4 and 8 weeks. A l l  va lues  expressed as mean + s .e .m . fo r  
g roup .F o r a b b re v ia t io n s  see s e c t io n  3 .2 .
S ta r t  Week 1 A f te r  4: weeks A f te r  8 weeks
L ( n=12) 377 .33 +_ 10.24 37 9.33 +_ 8 .14 386 .71 +_ 10.59
D (n=12) 37 9.04 +_ 6 .21 399.04 + 7 .22 415.50 +_ 7 .52
CD ( n - 8 ) 354.14 + 8 .22 402.62 +_ 7 .24 3 98 .12 +_ 8 .67
WD ( n=8 ) 364.69 +_ 7 .44 3 83 .90 + 10.17 364.44 + 10.70
AMfH ( n=12) 360.21 +_ 5.04 375.18 _+ 8 .25 336 .14 + 5 .43
FEN (n=12) 350 .62 ;+ 8 .3 5 368.64 +_ 7 .00 332.32 +_ 7 .91
MAZ ( n=6 ) 326 .50 + 5 .80 373 .75 +_ 10.05 448.05 + 16 .20
Tab le  3 .2 (x )
Changes i n  h e a r t  ra te  (b e a ts  per m in u te ) d u r in g  f i r s t  and second 
weeks o f  th e  expe rim e n t. A l l  va lu e s  expressed as mean +_ s .e .m . fo r  
group.
S ta r t  Week 1 S ta r t  Week 5
to  End Week 4 to  End Week 8
L ( n=12) +2 .00 +_ 9.33 +7 .37 + 7 .08
D (n=12) +2 0 .0 0 +_ 7 .25 +17 .2 9 +_ 7 .92
CD ( n=8 ) +48.46 +_ 8 .6 8 -11 .37 + 8.33
WD (n=8 ) +19.25 + 1 1 .0 0 -19 .50 + 8 .54
AMPH ( n=12) +14.97 +_ 8 .76 -4 4 .3  0 +_ 10.6 5
FEN ( n=12) +13 .86 +_ 6 .93 -36 .3 2 +_ 6 .45
MAZ ( n=6 ) +47 .25 +_ 5 .2 8 +74.3 0 + 13 .10
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T a b l e  3 . 2 ( x l )
C o rre la t io n  c o e f f ic ie n t  ( r )  fo r  changes In  w e ig h t (g )  and changes in  
h e a r t  r a te  (b e a ts  per m in u te ) o f  r a ts  d u r in g  th e  f i r s t  and second 




WD ( n=8 ) 
AMPH ( n=12) 
FEN ( n=12) 
MAZ ( n=6 )
S ta r t  Week 1 
to  End Week 4 
0.4582 
-0  .3 807 





S ta r t  Week 5 







-0 .8 131  *
*  s ig n i f ic a n t  p<0.05
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3 .2 .5 ' I n  v i t r o '  s tu d ie s :  th e  is o la te d  p e rfu s e d  h e a r t  p re p a ra t io n
A f te r  the  8 weeks o f  th e  expe rim en t th e  r a t s  were k i l l e d  and 
th e  is o la te d  h e a r t  and m e s e n te r ic  v a s c u la tu re  s tu d ie d . The ' in  v i t r o '  
da ta  fo r  th e  le a n  (L ) and d ie ta ry  obese (D) groups have a lre a d y  been 
p resen ted  in  s e c t io n  3 .1  as r e s u l t s  f o r  le a n  and obese r a ts  a f t e r  8 
weeks.
a) The responses t o  doses o f  n o ra d re n a lin e
The b a s e lin e  b e a tin g  ra te  was s im i la r  f o r  h e a r ts  f ra n  L and D; 
w h ile  th e  b e a tin g  ra te s  f o r  h e a r ts  f ra n  a l l  th e  w e ig h t-re d u c e d  groups 
(WD, AMPH, FEN, MAZ) were lo w e r than  those  f o r  L and D (see T ab le  
3 . 2 ( x i i ) ) .  The d if fe re n c e s  o n ly  reached s t a t i s t i c a l  s ig n if ic a n c e  f o r  
th e  w e ig h t-re d u c e d  groups compared w ith  L (p<0 .05  o r le s s )  b u t n o t 
compared w ith  D.
The response o f  th e  is o la te d  p e rfu s e d  h e a r t  to  n o ra d re n a lin e  was 
dose-dependent f o r  a l l  g roups. In  a d d it io n ,  responses o f  h e a rts  frcm  
D tended t o  be g re a te r  th a n  those o f h e a rts  frcm  L , though t h is  
d i f fe re n c e  was n o t s ig n i f ic a n t .  The responses t o  th e  lo w e s t dose o f
n o ra d re n a lin e  were s im i la r  f o r  h e a r ts  f ra n  L , WD and AMPH, bu t were
s ig n i f ic a n t l y  g re a te r  f o r  h e a r ts  f ra n  FEN and MAZ compared t o  L 
(p<0.01 and p<0.05 r e s p e c t iv e ly ) .  The responses o f  th e  h e a r ts  t o  th e  
m id d le  dose o f n o ra d re n a lin e  were s im i la r  f o r  a l l  groups, a lth o u g h  
responses tended to  be g re a te r  f o r  h e a r ts  f ra n  D, FEN and MAZ th a n  
f o r  L , WD and AMPH. There was no s ig n i f ic a n t  d i f fe re n c e  between 
responses o f  h e a rts  f r a n  L and D a t  th e  h ig h e s t dose le v e l  o f
n o ra d re n a lin e , b u t th e  responses o f  h e a rts  f ra n  a l l  th e
w e ig h t-re d u ce d  groups tended  t o  be s m a lle r ,  th e  d if fe re n c e  re a c h in g  
s t a t i s t i c a l  s ig n if ic a n c e  f o r  WD, AMIH and FEN compared w ith  D 
(p<0 .01 ) and f o r  AMPH compared w ith  L (p < 0 .0 5 ) .
T a b l e  3 . 2 ( x i i )
Response o f b e a tin g  ra te  (b e a ts  pe r m in u te ) o f  Is o la te d  p e rfu s e d  r a t  
h e a r t  to  doses o f  n o ra d re n a lin e . A l l  va lu e s  expressed as mean + 
s .e .m . fo r  group. For a b b re v ia t io n s  see s e c t io n  3.2
B a se lln e  
b e a tin g  ra te
L 27 9.44 + 8 .06
( n=9)
D 275.45 + 13 .31
( n = l l )
WD 256 .67 + 9 .32
( n=9)
AMPH 250 .56 + 6 .99 
( n=9)
FEN 26 2 .27 + 4 .3 9 
( n = l l )
MAZ 259.00 + 15.10
( n»5)
Response to  dose o f no 
In  b e a tin g  r a te )
5 x  10 ^  mole 5 x  10 
10.00 + 3 .63 47 .78
19.09 + 5 .59 63 .18
13 .89 + 4 .23 47 .22
15.56 + 6 .21 46 .11
26 .36 + 2 .70 53 .64
27 .00 + 10 .32 61.00
ire n a lin e  ( Increase
10 -9mole 5 x  10 mole
13 .13 102.7 8 + 10.51
12.55 113.18 + 13.40
9.43 78.89 + 11.78
7 .54 75.56 + 6 .79
7 .75 82 .27 + 7 .21
21.06 94 .00 + 21.59
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N ext, c o n s id e r in g  th e  c o n t r a c t i l i t y  o f th e  is o la te d  p e rfu s e d  
h e a r ts  (under 2g te n s io n ) ,  see Tab le  3 . 2 ( x i i i ) :  b a s e lin e
c o n t r a c t i l i t y  (g )  was g re a te r f o r  h e a r ts  frcm  groups L and WD th a n  
f o r  h e a r ts  frcm  th e  o th e r groups. T h is  was s ig n i f ic a n t  f o r  h e a r ts  
frcm  L (1 1 .7 9  £  1 .02 ) compared w ith  D (7 .93  £  0 .6 4 ) p<0.001? AMES
( 9.50 £  0 .45) p<0.01 ; FEN (7 .64 £  0 .84 ) p<0.001 and MAZ ( 8.05 £  0 .92) 
p<0 .001 . The d if fe re n c e  was a ls o  s ig n i f ic a n t  f o r  h e a r ts  frcm  WD 
(10 .11  £  1 .17 ) compared w ith  D (p < 0 .0 0 1 ), FEN (p<0 .001) and MAZ
(p < 0 .0 5 ) .  H ea rts  frcm  D had a s im i la r  b a s e lin e  c o n t r a c t i l i t y  to  
h e a r ts  frcm  FEN and MAZ, though s ig n i f i c a n t l y  s m a lle r b a s e lin e  
c o n t r a c t i l i t y  than  WD (p < 0 .0 0 1 ), L (p<0 .001) and AMES (p < 0 .0 5 ).
The response o f c o n t r a c t i l i t y  (a s  % b a s e lin e  c o n t r a c t i l i t y )  o f
th e  h e a r ts  t o  n o ra d re n a lin e  was dose-dependent f o r  a l l  groups excep t
FEN and MAZ (see Tab le  3 . 2 ( x l i i ) ) .  A dose-dependent r e la t io n s h ip  was
n o t appa ren t f o r  these two groups, as th e  response to  n o ra d re n a lin e
o f h e a rts  frcm  MAZ appeared to  be maximal w ith  th e  lo w e s t dose, w ith
no s ig n i f ic a n t  in c re a se  a f te r  th a t  dose. The response o f h e a rts  frcm
-1 0FEN appeared t o  reach maximum w ith  th e  m id d le  dose (5 x  10 m ole) 
o f  n o ra d re n a lin e  w ith  no s ig n i f ic a n t  in c re a se  a f te r  th a t  dose. Hfce 
maximal response f o r  th e  h e a r ts  frcm  a l l  th e  o th e r groups d id  n o t 
occur u n t i l  th e  h ig h e s t dose, thus th e re  appeared to  be an in c re a se d  
s e n s i t i v i t y  to  n o ra d re n a lin e  in  h e a r ts  frcm  MAZ and FEN (see  s e c t io n
4.5 fo r  d is c u s s io n ) .  The response to  n o ra d re n a lin e  was g re a te r  f o r  
h e a rts  frcm  d ie ta r y  obese r a ts  th a n  f o r  h e a r ts  frcm  le a n  r a ts  a t  a l l  
th re e  doses, a lth o u g h  th e  d if fe re n c e  o n ly  reached s ig n if ic a n c e  w ith  
the  h ig h e s t dose (p < 0 .0 5 ). The responses t o  n o ra d re n a lin e  were 
s im ila r  in  h e a r ts  frcm  L , WD and AMEH fo r  a l l  dose le v e ls ,  w h ile  
h e a rts  frcm  FEN and MAZ c o n s is te n t ly  gave th e  g re a te s t responses to
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a l l  doses o f  n o ra d re n a lin e , aga in  shew ing ev idence o f a h e ig h te n e d  
response t o  n o ra d re n a lin e  i n  th e  h e a r ts  frcm  these two groups.
The nunber o f a rrh y th m ia s  o c c u r r in g  a f t e r  th e  th re e  doses o f 
n o ra d re n a lin e  a re  shown in  T ab le  3 . 2 ( x iv ) .  No s ig n i f ic a n t  d if fe re n c e s  
were fo u n d  between th e  groups, 
b) The responses to  doses o f  a c e ty lc h o lin e
— 9 —8The responses t o  a c e ty lc h o lin e  (5 x  10 and 5 x  10 mole) were 
expressed as th e  d u ra t io n  o f  c a rd ia c  a r re s t  and th e  re co ve ry  tim e  
( t im e  to  re co ve r re g u la r  b e a t) .  Both o f these param eters were 
dose-dependent f o r  h e a r ts  frcm  a l l  groups (see Tab le  3 .2 ( x v ) .
The d u ra t io n  o f c a rd ia c  a r re s t  and re co ve ry  tim e  tended t o  be 
lo n g e r f o r  h e a r ts  frcm  obese r a ts  th a n  f o r  h e a r ts  frcm  le a n  c o n t ro ls ,  
w ith  bo th  doses o f  a c e ty lc h o lin e .  However, o n ly  th e  d if fe re n c e s  in  
re co ve ry  tim e  reached s ig n if ic a n c e ,  p<0 .0 1 . A l l  responses o f  h e a r ts  
frcm  AMTH were s im i la r  to  those  f ra n  L . Responses o f h e a rts  f r a n  WD 
tended t o  be g re a te r  th a n  those  f ra n  L , a lth o u g h  th e  d if fe re n c e s  d id  
n o t reach s ig n if ic a n c e .  Responses o f  h e a rts  frcm  REN were g re a te r  
than  those  o f h e a rts  frcm  L (p<0 .05  o r le s s )  fo r  a l l  responses excep t 
th e  d u ra t io n  o f  c a rd ia c  a r r e s t  w ith  th e  h ig h e r  dose.
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T a b l e  3 . 2 ( x i i i )
Response o f c o n t r a c t i l i t y  o f Is o la te d  p e rfu s e d  r a t  h e a r t  to  doses o f  
n o ra d re n a lin e  (under 2g basa l te n s io n ) .  A l l  va lu e s  expressed as mean 
+_ s .e .m . f o r  group. For a b b re v ia t io n s  see s e c t io n  3 .2 .
B a se lIn e  Response to  dose o f n o ra d re n a lin e  (% b a s e lin e
c o n t r a c t i l i t y  c o n t r a c t i l i t y ) .
(g )  5 x  IQ"11  mole 5 x  10~10 mole 5 x  10~? mole
L 11.78 + 1 .02  144.62 + 4 .21 155.21 + 7 .92 170.88 + 8 .76
( n=9)
D 7 .93 + 0 .64 151.60 + 6 .17 176.09 + 9 .68  195.63 + 9 .99
( n = l l )
WD 10.11 + 1.17 140 .82 + 4 .97 176.11 + 14 .29 192.01 + 14.44
( n=9)
AMIB 9.50 + 0 .45 150.06 + 5.92 165.88 + 8 .85 175.18 + 8 .49
( n=9)
FEN 7 .64 + 0 .84 185 .85 + 20 .83 218.76 + 32.47 197 .50 + 17 .21
( n = l l )
MAZ 8 .05 + 0 .92 190 .30 + 12.60 187 .93 + 17 .25 201.18 + 17 .49
( n=5)
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T a b l e  3 .2 (  x i v )
The number o f a rrh y th m ia s  (e c to p ic  bea ts  and m issed bea ts ) o c c u r r in g  
In  th e  Is o la te d  p e rfu s e d  r a t  h e a r ts  a f t e r  th re e  doses o f
nor ad rena l lne (v a lu e s  f o r  each p re p a ra t io n  shown) For a b b re v ia t io n s
see s e c t io n  3 . 2
Dose o f nor adr ena l lne
5 x  10* 11 mole - 1 05 x  10 mole 5 x  10 ^ mole
L ( n=9) 0 ,8  ,0 ,0 ,0 ,0 , 0 ,3 ,1 ,4 ,1 4 ,0 , 1 0 ,0 ,0 ,6 3 ,6  ,0 ,
2 , 0 , 0 6 , 6 , 0 7 ,0 ,3 5
D ( n = l l ) 0 ,0  ,0 ,0 ,0 ,0 , 0 , 0  , 1 , 0  , 0 , 0 , 0 , 0 ,1 ,1 , 0 , 0 ,
0 , 1 , 0  ,0 ,0 2 ,1 0 ,1 , 0  ,0 0 , 1 , 2  ,0 ,0
WD (n=9J 0 ,0  ,0 ,0 ,0 ,0 , 0 ,0 ,2 ,0 ,0 ,85 , 0 ,1 ,0 ,0  ,0 ,27 ,
0 , 1 , 2 0 ,1 , 1 0 ,0 ,16
AMIH ( n=9) 0 ,0  , 1 0 , 0  ,0  ,0 , 1 /1 /0  ,0 ,4 ,0 , 0 ,1 ,1 ,4 ,0 ,0 ,
0 , 0  ,0 0 /0 , 1 0 ,0 , 0
FEN ( n = l l ) 0 , 1 , 0 , 0 , 0 ,0 , 0 ,0 ,0 ,2 ,0 ,2 , 4 ,0 ,5 1 ,0 ,0 ,6 ,
0 , 0  ,0 , 1 , 0 0 ,0 ,0 ,0 ,0 0 ,0 ,0 ,1 , 0
MAZ ( n=5) 0 ,0 ,0 ,2 ,4 3 ,0  ,0 ,1 ,0 1 7 ,0 ,0 ,3  ,0
No s ig n i f ic a n t d if fe re n c e s  were found  between th e groups f o r  any dose
o f n o ra d re n a lin e  (u s in g  th e  Mann-Whitney U - te s t ) .
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T a b l e  3 . 2 ( x v )
R e s p o n s e s  o f  I s o l a t e d  p e r f u s e d  h e a r t s  f r a n  g r o u p s  o f  r a t s  t o  tw o
d o s e s  o f  a c e t y l c h o l i n e .  A l l  v a l u e s  show n  a s  m ean  +_ s . e . m .  f o r  g r o u p .
a) D u ra t io n  o f c a rd la c a r r e s t ( seconds)
Dose o f a c e ty lc h o lin e
Group 5 x  10 9 mole 5 x  10 ® mol
L ( n=9) 3 .84 + 0.94 8.56 + 1.38
D ( n = l l ) 5.54 +_ 0 .90 10.87 + 1 .19
WD ( n=9) 4.6 4 +_ 0 .84 13 .82 + 1.95
AMTH ( n=9) 3 .54 +_ 0 .82 10.11 + 1 .31
FEN ( n = l l ) 6 .4  9 + 1 .7 1 14.22 + 6 .84
MAZ ( n=5) 6 .26 +_ 2 .00 18.50 + 3 .17
b) Length o f tim e  to  re c o v e r re g u la r  bea t (seconds)
Dose o f a c e ty lc h o lin e
Group 5 x 10“-9 mole 5 x  10'-8 mole
L ( n=9) 1 1 . 1 2 + 2 .03 37 .66 +_ 2 .27
D ( n = l l ) 16 .6 2 +_ 1 .2  9 46 .15 +_ 4 .14
WD ( n=9) 14.06 +_ 2 .67 41.8 9 +_ 3 .26
AMTH ( n=9) 11.72 +_ 1.84 39.68 £ 2 .18
FEN ( n = l l ) 20 .17 +_ 2 .33 50 .93 5 .89
MAZ ( n=5) 10 .66 +_ 2 .80 34.94 +_ 2 .64
For key to a b b re v ia t io n s f o r groups see s e c t io n
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3 .2 .6 ' I n  v i t r o '  s tu d ie s s th e  is o la te d  p e rfu s e d  m e s e n te r ic  v a s c u la tu re
a) The responses t o  doses o f  n o ra d re n a lin e
The maximum responses t o  n o ra d re n a lin e , expressed as maximun 
in c rea se  in  p e r fu s io n  p re ssu re  (mmHg), o f th e  is o la te d  p e rfu s e d  
m e s e n te ric  v a s c u la tu re  frcm  le a n , d ie ta ry  obese and w e ig h t-re d u ce d  
groups were de te rm ined . The maximun response was s m a lle r f o r  t is s u e s  
f ra n  a l l  w e ig h t-re d u c e d  groups th a n  f o r  t is s u e s  f ra n  th e  d ie ta ry  
obese group (p<0.01 o r le s s ) :  D (171.70 ± 3 . 4 2 ) ;  L (156 .90 £ 4 . 2 8 ) ;  
W D(96 .33 + 7 .6 9 ) ;  AMPH (13 9.34 + 11 .74 ) ; FEN (143 .2 9 + 10 .42 ) ;  MAZ
( 82 .37 ±  14 .11 ) .These r e s u l t s  a re  shewn g ra p h ic a l ly  in  F ig .1 9 . The 
maximal responses o f  th e  m e s e n te r ic  v a s c u la tu re  from  WD and MAZ were 
a ls o  s ig n i f ic a n t l y  s m a lle r  th a n  f o r  t is s u e s  frcm  L (p < 0 .0 0 1 ). There 
was no s ig n i f ic a n t  c o r r e la t io n  between body w e ig h t (g ) and maximal 
in c rea se  in  p e r fu s io n  p re ssu re  f o r  any o f th e  groups. The c o r r e la t io n  
c o e f f ic ie n t  ( r )  fo r  each group i s  as fo l lo w s :  L ( -0  .2 7 9 2 ); D
(0 .1 8 0 0 ); WD (0 .4 7 6 1 ) ; AMIH (0 .0 3 1 4 ) ;  FEN (0 .0 9 1 7 ) ;  MAZ ( -0 .1 0 6 2 ) .
b) The responses t o  changes i n  th e  c o n c e n tra tio n s  o f  potassium  and 
ca lc ium  in  th e  p e r fu s in g  K re b 's  s o lu t io n .
See s e c t io n  3 .1 .7 d )  and sample tra c e  F ig .14 fo r  d e f in i t io n s  o f  
param eters re c o rd e d . The e f fe c ts  o f  w e ig h t re d u c t io n  by w ith d ra w a l o f 
th e  p a la ta b le  d ie t  (WD) were in v e s t ig a te d .  The peak p re ssu re  o b ta in e d  
w ith  'n o rm a l' K re b 's  s o lu t io n  (Peak P ressure  1) fo r  t is s u e s  frcm  WD 
was s im i la r  to  t h a t  f o r  t is s u e s  frcm  age-matched le a n  and d ie ta ry  
obese an im a ls  (see T ab le  3 . 2 ( x v i ) .  The peak p re ssu re  o b ta in e d  w ith  
65mM K+ K re b 's  s o lu t io n  (Peak P ressure  2) fo r  t is s u e s  f ra n  group WD 
were s ig n i f ic a n t l y  le w e r th a n  f o r  t is s u e s  frcm  obese r a ts  (p<0 .0 1 ) ,  
th e  v a lu e  f a l l i n g  between those  o f t is s u e s  frcm  le a n  and obese 
an im a ls . P la teau  p re ssu re s  2 and 3 were lo w e r f o r  t is s u e s  frcm  WD
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than  f o r  t is s u e s  f ra n  th e  obese r a ts  (b o th  p<0 .0 0 1 ) ,  and a ls o  lc w e r 
th a n  those  f ra n  le a n  r a t s  (p<0.0 5) (a lth o u g h  these p a r t ic u la r  
d i f fe re n c e s  were s ig n i f ic a n t ,  they  were s m a ll) .  The tim e s  to  P la te a u x  
1 and 2 were s im i la r  f o r  t is s u e s  frcm  WD and D, however, th e re  was a 
sm a ll bu t s ig n i f ic a n t  in c re a s e  in  th e  tim e  to  P la te a u  3 fo r  t is s u e s  
frcm  WD compared t o  D (p < 0 .0 5 ) .  The tim e  to  P la te a u  3 was s im i la r  f o r  
t is s u e s  frcm  WD and L a lth o u g h  th e  tim es  t o  P la te a u x  1 and 2 were 
g re a te r  f o r  t is s u e s  frcm  WD th a n  frcm  L (p<0.001 and p< 0 .01 , 
re s p e c t iv e ly )  .
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F ig . 19 The e f fe c t  o f d i f fe r e n t  methods o f weight reduction on the  
maximum response o f the is o la te d  perfused mesenteric 
vasculature o f the r a t  to noradrenaline. Response expressed 
as increase in  perfusion pressure, mmHg.
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L D WD AMPH FEN MAZ
Group
Key
L = Lean ( 8 weeks )
D = D ie ta ry  obese ( 8 weeks )
WD = P a la tab le  d ie t  withdrawn 
AMPH = Amphetamine 5mg/kg d a ily  
FEN = Fenfluramine lOmg/kg d a ily  
MAZ = M azindol' 4mg/kg d a ily
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T a b l e  3 . 2 ( x v i )
Comparison o f  th e  responses o f  th e  Is o la te d  p e rfu s e d  m e s e n te r ic
*
v a s c u la tu re  frcm  p re v io u s ly  obese r a ts ,  which th e n  had th e  p a la ta b le  
d ie t  w ith d ra w n  f o r  4 weeks (WD), w ith  those f r a n  age-matched le a n  (L ) 
and d ie ta r y  obese r a ts  (D) t o  changes In  th e  c o n c e n tra tio n s  o f  
potassium  and ca lc ium  In  th e  p e r fu s in g  K re b 's  s o lu t io n .  See s e c t io n  
2 .2 .1  fo r  d e ta i ls  o f  th e  d i f f e r e n t  K re b 's  s o lu t io n s  used. A l l  v a lu e s  
expressed  as mean s .e .m .—
WD Lean Obe se
Peak p re ssu re  (mmHg)
( 'N o rm a l' K re b 's ) 1 66 .92 + 8 .84 63 .98 +_ 3 .84 62.28 + 5 .72
( n=7) (n=8 ) - (n=6 )
( 65mM K+ K re b 's ) 2 72.63 + 5 .08 63 .49 +_ 3 .3 9 94.87 + 7 .67
( n = l0 ) (n=8 ) ( n = l0 )
P la te a u  p re ssu re  (mmHg)
( 'N o rm a l' K re b 's ) 1 28.29 + 1.15 30.59 1 . 1 0 27 .11 + 0 .92
( n = l0 ) (n=8 ) (n=1 0 )
(65mM K+ K re b 's ) 2 3 8.69 + 1.47 42 .60 +_ 1.47 55.00 + 4 .47
( n = l0 ) (n=8 ) (n=1 0 )
(65mMK+/3mMCa2 + ) 3 49.21 + 2 .61 55.92 +_ 2 .91 71.32 + 6 .98
(n=1 0 ) (n=8 ) (n=1 0 )
Time to  p la te a u
(m in u te s ) 1 18.87 + 1.3  9 12.46 +_ 0 .89 17.04 + 0 . 8 8
2 14.60 + 1.74 10 .25 +_ 1.09 16 .27 + 1.53
3 25.33 + 1.25 27 .00 +_ 0 .95 21.82 + 1.92
NB. Va lues f o r  Lean and Obese group have been d iscussed e a r l ie r , see
T ab le  3 .1 ( x lv )  and s e c t io n  3 .1 .7  d) fo r  d e ta i ls .
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3 .3 THE EFFECTS OF THE OESTROUS CYCLE UPON BODY WEIGHT AND MINIMUM
SYSTOLIC BLOOD PRESSURE IN LEAN AND DIETARY OBESE RATS.
3 .3 .1 Changes in  body w e ig h t d u r in g  th e  o es trous  c y c le  o f th e  r a t
C y c lic a l changes in  w e ig h t (g ) were observed in  both  le a n  and 
d ie ta ry  obese r a ts  d u r in g  th e  o e s tro u s  c y c le  (see F ig .2 0 ) .  Body 
w e ig h ts  were compared r e la t iv e  to  body w e ig h t d u r in g  th e  o e s tru s  
phase o f th e  c y c le . In  le a n  r a ts  th e  body w e ig h t was a t  i t s  lo w e s t in  
th e  o e s tru s  phase , w ith  th e  v a lu e s  (g )  f o r  m e to es trus  (+1.56 £  0 .4 5 ) 
fo r  d io e s tru s  (+2 .42 £ 0 .5 9 )  and p ro -o e s tru s  (+2 .10  £ 0 . 5 4 ) .  However, 
fo r  d ie ta ry  obese r a ts  th e  p a t te rn  was d i f f e r e n t .  Body w e ig h ts  were 
lo w e s t in  th e  m etoestrus  phase ( -2 .8 3  £  0.6 0 ) ,  fo llc w e d  by d io e s tru s  
( -1 .0 0  £  0 .5 9 ) .  The v a lu e  f o r  p ro -o e s tru s  was s im i la r  to  t h a t  f o r  
o e s tru s  (+0 .08 £  0 .6 0 ) .
The maximum v a r ia t io n  in  body w e ig h t a c ro ss  th e  o es trous  c y c le  
was le s s  th a n  3g f o r  both  le a n  and obese r a t s .  T h is  v a lu e  was s n a l le r  
than  th e  average w eekly  w e ig h t g a in  f o r  le a n  r a t s  (a p p ro x im a te ly  5g) 
and c o n s id e ra b ly  s m a lle r than  th e  average w e ig h t g a in  f o r  th e  obese 
r a ts  ( o f te n  a t  le a s t  lO g ) ,  so t h is  fa c to r  was n o t cons ide red  in  th e  
la t e r  s tu d ie s . However, i t  may account f o r  a sm a ll p a r t  o f th e  
v a r ia t io n s  in  w e ig h t g a in  observed.
3 .3 .2 Changes in  s y s to l ic  b lood  p re ssu re  d u r in g  th e  oe s tro u s  c y c le  o f 
th e  r a t .
Minimum s y s to l ic  b lood  p re ssu re  read ings  have been used f o r  
c a lc u la t io n  purposes th ro ugho u t these s tu d ie s  ( th a t  is ,  th e  minimum 
v a lu e  o b ta in e d  f o r  each r a t  d u r in g  any one m o n ito r in g  p e r io d ) . For 
le a n  r a ts  th e  v a r ia t io n  in  minimum s y s to l ic  b lood  p re ssu re  ac ross  th e  
c y c le  was a p p ro x im a te ly  4mmHg (see F ig .2 1 a ) . For th e  d ie ta ry  obese
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r a ts  th e  v a r ia t io n  was a p p ro x im a te ly  8 romHg (see F ig .2 1 b ) .
The d if fe re n c e s  in  minimum s y s to l ic  b lood  p re s s u re  re a d in g s  
observed between groups o f d ie ta ry  obese r a ts  were a p p ro x im a te ly  
20mmHg (see F ig .8 ) and i t  was th e re fo re  co n s ide red  u n l ik e ly  th a t  th e  
v a r ia t io n s  seen th ro u g h o u t th e  o e s tro u s  c y c le  w ou ld  have a f fe c te d  
these  r e s u l t s ,  though they may have been re s p o n s ib le  f o r  some o f th e  
v a r ia t io n s  seen.
The two groups o f  r a ts  were n o t age-m atched and th e  le a n  r a ts  
(a p p ro x im a te ly  17 weeks o f age) were o ld e r  th a n  th e  d ie ta ry  obese 
r a ts  (a p p ro x im a te ly  14 weeks). T h e re fo re , th e  a c tu a l v a lu e s  o f 
minimum s y s to l ic  b lo o d  p re ssu re  o f th e  two groups can n o t be compared 
d i r e c t ly  because s y s to l ic  b lood  p re s s u re  r is e 's  w ith  tim e  f o r  both  
le a n  and d ie ta r y  obese W ls ta r  r a ts  (see F ig .8 ) .  There was no reason 
t o  suppose th a t  th e  o e s tru a l rhythm s o f  w e ig h t and b lood  p re s s u re  
w ou ld  be a f fe c te d  by t h is  3 week age d i f fe re n c e ,  as a l l  th e  r a ts  were 
s e x u a lly  m ature th ro u g h o u t th e  expe rim en t.
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*20 Body weight v a ria tio n s  ( w ith  respect to weight during  
oestrus phase o f cycle) during the d if fe re n t  stages o f 
the oestrous cycle in  lean and d ie ta ry  obese ra ts .
A l l  values mean +_ s.e.m .
Key: OEST = oestrus ; MET = raetoestrus ; DI = dioestrus ;
PRO = pra_oestrus
a) LEAN ( 12 ra ts , 2 cycles )
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F ig .21 Minimum blood pressure readings obtained from lean and 
d ie ta ry  obese ra ts  a t  d if fe r e n t  stages of the oestrous 
cycle . A l l  values mean +_ s.e.m .
Key: OEST = oestrus ; MET = metoestrus ; DI = dioestrus ;
PRO = pro-oestrus
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b) OBESE ( 6 ra ts , 2 cycles )
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3 .4 THE EFFECTS OF DIETARY OBESITY ON PLASMA SODIUM AND POTASSIUM
CONCENTRATION IN THE RAT.
3 .4 .1 Plasma sodium c o n c e n tra tio n s
Plasma sodium c o n c e n tra tio n s  w ere de te rm ined  a f t e r  1 , 2 , 3 ,  4 , 8 
and 20 weeks o f  s tudy ( la b o ra to ry  chew w ith  o r w ith o u t th e  v a r ie d  
p a la ta b le  d ie t )  (see Tab le  3 .4 ( 1 ) ) .  A f te r  one week th e re  was no 
s ig n i f ic a n t  d if fe re n c e  between plasma sod iun (Na+ ) c o n c e n tra t io n s  o f 
lean, (chow o n ly )  and d ie ta ry  obese (chew p lu s  p a la ta b le  d ie t )  r a ts .  
A f te r  2 weeks , however, the  d ie ta ry  obese r a ts  had a s l i g h t l y  
g re a te r plasma sodiun c o n c e n tra t io n  (p < 0 .0 5 ). A f te r  3 and 4 weeks th e  
plasma sod iun c o n c e n tra tio n s  were g re a te r  in  le a n  th a n  in  d ie ta ry  
obese r a t s  (b o th  p< 0 .001 ). Hcwever, a f te r  8 weeks th e re  was a g a in  no 
s ig n i f ic a n t  d if fe re n c e  between th e  groups. A f te r  20 weeks th e  d ie ta ry  
obese r a t s  had c o n s id e ra b ly  g re a te r plasma sod iun c o n c e n tra tio n s  th a n  
le a n  c o n t ro ls  (p < 0 .0 0 1 ). Plasma sodium c o n c e n tra tio n s  were a ls o  
de te rm ined  f o r  r a ts  who had re c e iv e d  th e  p a la ta b le  d ie t  i n  a d d it io n  
to  la b o ra to ry  chew fo r  4 weeks and th e n  had th e  p a la ta b le  d ie t  
w ith d ra w n  fo r*  4 weeks, d u r in g  w h ich  tim e  they  re c e iv e d  chew o n ly .  
T h e ir  mean plasma sodiun c o n c e n tra t io n  was found  to  be 151.05 +.
2.36mM (n=8 ) ,  which was n o t s ig n i f ic a n t ly  d i f f e r e n t  frcm  e ith e r  le a n  
o r d ie ta ry  obese r a ts  o f  th e  same age.
3 .4 .2 Plasma potassium  c o n c e n tra tio n s
Plasma potassium  (K+ ) c o n c e n tra tio n s  were measured f o r  le a n  and 
d ie ta ry  obese r a ts  a f t e r  4 , 8 , and 20 weeks. There were no
s ig n i f ic a n t  d if fe re n c e s  between th e  plasma potassium  c o n c e n tra tio n s  
o f le a n  and d ie ta ry  obese r a ts  a f t e r  4 o r 8 weeks. Hcwever, a f te r  20 
weeks th e  d ie ta r y  obese r a ts  shewed s ig n i f i c a n t l y  h ig h e r potassium  
c o n c e n tra tio n s  th a n  le a n  r a ts  (p<0 .0 2 ) .
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Tab le  3 .4( i )
C o n ce n tra tio n s  (mM) o f sodiun (Na+ ) in  plasma samples frcm  le a n  and 
d ie ta ry  obese r a ts  a f te r  1 , 2 , 3 ,  4 , 8 , and 20 weeks. A l l  va lu e s
expressed as mean +_ s .e .m . fo r  group.
Lean D ie ta ry  Obese p*
1 week 138.33 + 1 .31  139.50 + 1 .15  n .s .
( n - 6 ) (n=6 )
2 weeks 143 .67 + 1.23 146 .33 + 1 .05  <0.05
( n=6 ) (n=6 )
3 weeks 142 .33 + 0 .42 13 9.17 + 0 .60 <0.001
( n=6 ) (n=6 )
4 weeks 144.42 + 1 .05  141.36 + 0 .83 <0.001
(n=1 2 ) ( n = l l )
8 weeks 146 .43 + 2 .87 147 .60 + 3 .04 n .s .
(n=6 ) (n=6 )
20 weeks 134.80 + 1.56 148.00 + 2 .13 <0.001
( n=5) (n=1 0 )
T ab le  3 .4( 11)
C o n ce n tra tio n s  (mM) o f  p o ta ss lu n  (K+ ) in  plasma samples frcxn le a n  and 
d ie ta ry  obese r a ts  a f te r  4 , 8 , and 20 weeks. A l l  va lu e s  expressed as 
mean + s .e .m . fo r  group.
Lean D ie ta ry  Obese S i
4 weeks 3 .29 + 0 .10 ( n=9) 3 .3 2 + 0 .12 ( n=3 ) n . s .
8 weeks 4 .00 + 0  .19 ( n=6 ) 4.0 9 + 0 .31 ( n=5) n . s.
20 weeks 4 .3 8 + 0 .16 ( n=5) 4.6 9 + 0 .11 ( n=9) <0 .0 2
* S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t's  t - t e s t
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3 .5 DIETARY SURVEY TO INVESTIGATE THE INTAKE OF CAFFE IN E-CONTAINING
BEVERAGES AMONG DIETERS AND NON-DIETERS.
3 .5 .1  General in fo rm a tio n  about s u b je c ts
(F o r specimen D ie ta ry  Survey see F lg .3 )  62 com ple ted 
q u e s tio n n a ire s  were re tu rn e d  f o r  a n a ly s is ,  o f w h ich  32 were f r a n  m ale 
s u b je c ts  and 30 f ra n  fem a le  s u b je c ts .  24 (38.7% ) o f  a l l  s u b je c ts  had 
d ie te d  a t  some tim e  ( 'd i e t e r s ' ) /  c o m p ris in g  18 (60%) fem ales ( 'fe m a le  
d ie te r s ')  and 6 (18.8%) males ( 'm a le  d ie t e r s ' ) .  I t  can be seen th a t  
d ie t in g  was g re a te r among women th a n  men, w ith  over h a l f  o f th e  wcmen 
s u b je c ts  h a v in g  d ie te d  a t  some tim e  compared w ith  le s s  th a n  one f i f t h  
o f th e  men.
The age range o f s u b je c ts  o v e r a l l  was 19 to  63 yea rs , w ith  a 
mean o f  28.70 £  1.27 years (see T ab le  3 .5 (1 )  f o r  d e ta i ls  o f  ages o f 
s u b je c ts ) .  The mean age o f th e  fem a le  s u b je c ts  (30 .90  £ 2 .2 4  yea rs ) 
was s ig n i f ic a n t ly  g re a te r than  f o r  th e  m ale s u b je c ts  (26 .72 £ 1 . 2 2 ) ,
p<0 .0 0 1 .
3 .5 .2 Smoking h a b its  ( see Tab le  3 .5 ( 111 ))
14 (22.6%) o f th e  s u b je c ts  were smokers, o f whcm 7 (23.3%) were 
women and 7 (21.9%) were men. Thus, th e  p a t te rn  o f  smoking h a b its  was 
s im i la r  In  men and wcmen. The mean age (y e a rs )  o f  snokers (35.57 £  
3 .2 0 ) was s ig n i f ic a n t ly  g re a te r  than  th a t  o f non-smokers (26 .75 £  
1 .2 3 ) ,  p<0.001. T h is  was t ru e  f o r  bo th  fem a le  smokers (39 .29  £  5 .5 4 ) 
ve rsus fem a le  non-smokers (28 .35  £ 2 .1 9 )  and m ale smokers (31.86 £  
3 .0 3 ) versus m ale non-smokers (25 .28  £ 1 . 1 9 ) ,  bo th  p<0.001.
The mean number o f c ig a re t te s  smoked pe r day ( fo r  th e  10 smokers 
who re p o r te d  th e  nunber smoked pe r day) was 11.65 £  2 .3 4 . There was 
no s ig n i f ic a n t  d if fe re n c e  between th e  nunber o f c ig a re t te s  smoked 
d a l ly  by male (n=4) and fem a le  (n=6 ) s u b je c ts ,  13.25 £ 8 .3 0  and 10.53
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£  2 .9 8 , r e s p e c t iv e ly .  There was a ls o  no s ig n i f ic a n t  d if fe re n c e  
between th e  nunber o f c ig a re t te s  smoked d a i ly  by d ie te r s  (n=4) and 
n o n -d ie te rs  (n=6 ) ,  9 .00 £ 3 .3 4  and 13.42 £ 3 . 2 2 ,  re s p e c t iv e ly .  The
nunber o f c ig a re t te s  smoked d a i ly  was n o t a l te r e d  when d ie t in g  f o r  
any o f th e  s u b je c ts .
3 .5 .3  Body Mass Index  (see Tab le  3 . 5 ( i i ) )
Body Mass Index  (BMI) fo r  a l l  s u b je c ts  ranged f ra n  16.3 to  30.7 
a mean o f  22.20 £  0.3 4 . D ie te rs  had a s ig n i f ic a n t l y  g re a te r  BMI th a n  
n o n -d ie te rs  (23 .3 0 £  0.62 and 21.51 £  0 .3 6 ) ,  p<0.001 . T h is  h e ld  t ru e  
a ls o  f o r  fe m a le s : d ie te r s  (22.47 £ 0 .6 3 )  and n o n -d ie te rs  (20 .75  £
0 .7 2 ) ,  p<0.001, and a ls o  f o r  m a les : d ie te r s  (25 .82  £ 1 .1 7 )  and
n o n -d ie te rs  (21 .85  £ 0 . 4 0 ) ,  p<0.001 . The m ale d ie te r s  were th e  o n ly  
group w h ich  showed a BMI in  th e  Grade 1 o b e s ity  ca te g o ry  ( Garrow, 
1 9 8 8 ), a l l  o th e r groups f e l l  in to  th e  Grade 0 c a te g o ry . There was no 
s ig n i f ic a n t  d i f fe re n c e  between th e  BMI o f smokers (21 .99  £  0 .8 6 ) and 
non-sm okers (22 .26  £  0 .3 7 ) .  There was a ls o  no d if fe re n c e  between th e  
BMI o f male (22 .60  £ 0 .4 7 )  and fem a le  (21 .78  £  0 .49 ) s u b je c ts ,
a lth o u g h  th e  m ales tended to  have a g re a te r mean BMI.
The BMI o f groups o f  s u b je c ts  were ana lysed  a c c o rd in g  t o  th e  
number o f cups o f  c o ffe e  consumed d a i ly .  The r e s u l t s  were as fo l lo w s :  
0 cups (n = 9 ), BMI=22.34 £ 0 .3 3 ?  1-2 cups (n = 1 7 ), BMI=21.02 £  0.46?
3-4 cups ( n = l 8 ) ,  BMI=22 .53 £ 0 .7 6 ?  5 ,6 ,7  cups ( n = l l ) ,  BMI=23 .3 2 £  
0.75? 8+ cups (n = 7 ), BMI=22.29 £  1 .5 4 . A lthough  th e re  was no obv ious
tre n d  in  th e  r e s u l t s ,  s u b je c ts  consuming 1 o r 2 cups o f  c o ffe e  per
day had a s ig n i f ic a n t l y  lcw e r BMI th a n  n o n -c o ffe e  d r in k e rs  (p<0 .05) 
and a ls o  lo w e r than  th a t  o f s u b je c ts  who consumed 3 o r more cups o f 
c o ffe e  d a i ly  (2 2 .7 2  £ 0 .5 2 )  (p < 0 .0 0 1 ).
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T a b l e  3 .5 (  i )
Ages (y e a rs )  o f  s u b je c ts  a c c o rd in g  t o  sex, d ie t in g  h is to r y  and 
smoking h a b its .
a) D ie t in g  h is to r y
D ie te r N o n -d ie te r
T o ta l 28.96 + 2 .32 ( n=24) 28.61 + 1 .49
Female 29.33 + 2.98 ( n = l8 ) 33.25 + 3 .41
Male 27 .83 + 2 .91 ( n= 6 ) 26 .46 + 1.36  i
b) Smoking h a b its
Smoker Non-•smoker
T o ta l 35.57 + 3 .20 ( n=14) 26 .7 5 + 1.23 i
Female 39 .29  + 5 .54 ( n=7) 28.35 + 2 .19 i
Male 31.86 + 3 .03 ( n=7) 25.28 + 1 .19  l
Tab le  3 . 5 ( i i )
Body mass in d e x  (W/B?) o f s u b je c ts  a c c o rd in g  to
and sm oking h a b its .
a) D ie t in g  h is to r y
D ie te r Non-■ d ie te r
T o ta l 23 .30 + 0 .62 ( n=24) 21.51 + 0 .36 l
Female 22 .47 + 0 .63 ( n=18) 20 .7 5 + 0 .7 2 I
Male 25 .82 + 1.17 ( n= 6 ) 21.85 + 0 .40 I
b) Smoking h a b its
Smokers Non-■smokers
T o ta l 21.99 + 0.86 ( n=14) 22.26 + 0 .37 1
Female 22 .14 + 1 .70 (n=7) 21.67 + 0 .42 1
Male 21.83 + 0 .52 (n=7) 22.81 + 0 .58 1
A l l  va lu e s  expressed as mean +_ s. e.in.
*  S ig n if ic a n c e  le v e ls  c a lc u la te d  u s in g  S tu d e n t's
<0 .0 0 1
<0 .0 0 1
<0 .0 0 1
2 1
<0.001
<0 . 0 1
<0 .0 0 1
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T a b l e  3 .5 (  i i i )
Nunber o f c ig a re t te s  smoked d a i ly  (mean +_ s .e .m . f o r  th e  10 out o f 
14 t o t a l  smokers who s ta te d  th e  number o f c ig a re t te s  smoked d a i ly )  
a c c o rd in g  to  sex and d ie t in g  h is to r y .
Category o f smoker (n )  Number o f c ig a re t te s  smoked d a i ly  
T o ta l (10) 11.65 + 2 .3 4
Male (4 ) 13 .25 + 8 .3 0
Female ( 6 ) 10.53 + 2 .98
D ie te r  (4 ) 9.00 + 3 .3 4
N o n -d ie te r  ( 6 ) 13.42 + 3 .2 2
Female d ie te r  (3 ) 8.67 ^ 4 .7 0
Male d ie te r  (1 ) 10.00
Female n o n -d ie te r  (3 ) 12.50 ^  4 .33
M ale n o n -d ie te r  (3 ) 14.33 + 5.67
N o te : V a lues f o r  d ie te r s  a p p ly  bo th  when d ie t in g  and n o t d ie t in g ,  as 
th e  number o f c ig a re t te s  smoked d a i ly  was n o t a l te r e d  by d ie t in g .
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3 . 5 . 4  C o f f e e  c o n s u m p t i o n
a ) G eneral (see T ab le  3 .5 ( v ) )
C o ffee  consum ption ranged f ra n  0 to  16 cups d a l ly ,  w ith  a mean 
v a lu e  f o r  a l l  s u b je c ts  o f  3 .55  ±  0 .38  cups pe r day. There was no 
s ig n i f ic a n t  d if fe re n c e  I n  c o ffe e  consum ption between m ale and fem a le  
s u b je c ts ,  w ith  m ales consuming 3.56 +_ 0.45 cups per day and fem a les 
3.53 +_ 0 .62  cups per day. I f  one assumes an 'a v e ra g e ' cup o f  c o ffe e  
to  c o n ta in  a p p ro x im a te ly  85mg c a f fe in e  (see Appendix 3 ) ,  th e n  th e  
s u b je c ts  had a mean d a l ly  c a f fe in e  In ta k e  o f a p p ro x im a te ly  300mg 
( f ra n  c o f fe e ) .
b) The e f fe c ts  o f  d ie t in g  on c o ffe e  consum ption
For 6 (25%) d ie te r s  c o ffe e  In ta k e  In c re a se d  when d ie t in g ,  w h ile  
one (4.2% ) d ie te r  decreased and 17 (70.8% ) d id  n o t a l t e r  consum ption
(see T ab les  3 .5 (v )a )  and 3 . 5 ( v l ) a ) ) .  There was no s ig n i f ic a n t  
d i f fe re n c e  between d a l ly  c o ffe e  consum ption among t o t a l  d ie te rs ,  when 
th e y  were n o t d ie t in g  (4 .0 8  +_ 0 .6 7 ) and n o n -d ie te rs  (3 .2 1  +. 0 .4 4 ) .  
However, when m ale d ie te r s  o n ly  were co ns ide red , they  consumed 
s ig n i f i c a n t l y  more cups o f  c o ffe e  per day, when n o t d ie t in g  (4 .83 +_ 
0 .79 ) th a n  n o n -d ie te rs  (3 .27  ±  0 .5 1 ) ,  p<0 .05 . When d ie t in g ,  d ie te rs  
consumed s ig n i f i c a n t l y  more c o ffe e  (4 .5 8  +_0.73) th a n  n o n -d ie te rs ,
p< 0 .01 . T h is  was m a in ly  due to  th e  g re a te r  c o ffe e  consum ption o f  male 
d ie te r s  when d ie t in g  (5 .83  +_1.19) compared w ith  m ale n o n -d ie te rs  
(3 .27  +_ 0 .5 1 ) ,  p<0.001 . A lthough  c o ffe e  com sum ption was ra is e d  in
fem a le  d ie te r s  w h ile  d ie t in g  (4 .17  +. 0 .89 ) t h is  was n o t s ig n i f ic a n t ly  
h ig h e r th a n  f o r  th e  fem a le  n o n -d ie te rs  (3 .0 8  jt 0 .88 ) in ta k e . Thus, 
th e re  i s  c le a r  ev idence th a t  some d ie te rs  do in c re a s e  t h e i r  c o ffe e  
consum ption when d ie t in g ,  t h is  be ing  more prom inen t i n  men th a n  
wcmen.
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c) Smoking h a b its  and c o f fe e  consum ption
Smokers drank s ig n i f i c a n t l y  more cups o f  c o ffe e  each day th a n  
non-sm okers (4 .6 4  +_ 0.87 and 3.23 ± 0 . 4 1 ,  r e s p e c t iv e ly ) ,  p<0.001 (see  
Tab le  3 . 5 ( v ) b ) ) .  T h is  d i f fe re n c e  was due m a in ly  to  th e  g re a te r amount 
o f  c o ffe e  consisted d a i ly  by male smokers (5 .7 1  ±  1 .0  8 cups) compared
w ith  m ale  non-sm okers (2 .96  ± 0 .4 3  c u p s ), p<0.001 . There was no
s ig n i f ic a n t  d i f fe re n c e  between d a i ly  c o ffe e  consu np tion  o f  fem a le  
smokers (3 .57  + 1 .3 1  cups) and fem a le  non-smokers (3 .5 2  ± 0 .7 2  c u p s ) . 
There was a s ig n i f ic a n t  c o r r e la t io n  between th e  number o f c ig a re t te s  
smoked d a i ly  and th e  nunber o f cups o f  c o ffe e  consumed d a l ly  
( r - 0  .6826, n=10, p < 0 .0 5 ), (see  F ig .2 2 ) .  When combined c o ffe e  and te a
consum ption ( t o t a l  cups per day) was in v e s t ig a te d  t h i s  to o  was fo u n d  
to  c o r re la te  s ig n i f i c a n t l y  w ith  th e  nunber o f c ig a re t te s  smoked d a i ly  
(r= 0  .7344, n=10, p < 0 .0 2 ), (see  F lg .2 3 ) .
3 .5 .5 Tea consum ption
Tea consum ption ranged f ra n  0 to  8 cups d a i ly ,  w ith  a mean v a lu e  
f o r  a l l  s u b je c ts  o f  1 .82  ±  0.26 cups per day (see  Tab le  3 . 5 ( i v ) ) .
O v e ra ll,  wcmen d rank  tw ic e  as many cups o f  te a  per day as men (2 .4 0  ±  
0 .3 9  and 1 .28 ± 0 . 3 1 ,  r e s p e c t iv e ly ) ,  p<0.001 . Female d ie te rs  d rank
a p p ro x im a te ly  fo u r  t im e s  as much te a  per day as m ale d ie te rs  , bo th  
when n o t d ie t in g  (2 .6 1  ±  0 .4 9  and 0.67 ±  0 .33) and when d ie t in g  (2 .83  
±  0.53 and 0.67 ±  0 .3 3 ) bo th  p<0.001 . However, in  m ale and fem a le  
n o n -d ie te rs  te a  co n su n p tio n  was n o t s ig n i f ic a n t l y  d i f f e r e n t  (1 .4 2  ±  
0 .36  and 2.50 ± 0 .7 8  cups per day, r e s p e c t iv e ly ) .  Tea consunp tion  was 
s im i la r  in  d ie te r s  , when n o t d ie t in g ,  (2 .1 2  ±  0 .41 ) and n o n -d ie te rs  
(1 .6 3  ± 0 .3 3 )  and te a  consu np tion  d id  n o t a l t e r  s ig n i f ic a n t l y  among 
d ie te r s  o v e r a l l ,  when th e y  were d ie t in g  (2 .2 9  ±  0 .4 4 ) .
Tab le  3 .5( iv )
Nunber o f cups o f  te a  n o rm a lly  consumed d a i ly  by s u b je c ts  (when no t
d ie t in g ) a c c o rd in g  t o  sex,, d ie t in g  h is to r y  and smoking h a b its .
a) D ie t in g  h is to r y
D ie te rs N o n -d ie te rs £ *
T o ta l 2 .12 + 0 .40 ( n-24) 1.63 + 0 .33 ( n=38) n . s.
Female 2 .61 + 0 .49 ( n = l8 ) 2.50 + 0 .7 8 ( n=12) n . s.
Male 0 .67 + 0  .33 ( n=6 ) 1.42 + 0  ^36 ( n=26 ) n . s.
b) Smoking h a b its
Smoker Non-snoker 2 *
T o ta l 2 .07 + 0  .53 ( n=14) 1.75 + 0 .2 9 ( n=48) n . s.
Female 3 .00 + 0  .76 ( n=7) 2.22 + 0 .46 ( n=23 ) n . s.
Male 1 .14  + 0 .59 ( n=7) 1.32 + 0 .36 ( n=25) n . s.
Tab le  3 .5( v)
Nunber o f cups o f  c o ffe e  n o rm a lly  consumed d a i ly  by s u b je c ts  (when
n o t d ie t in g )  a c c o rd in g  to sex, d ie t in g  h is to r y  and smoking h a b its .
a) D ie t in g  h is to r y
D ie te rs N o n -d ie te rs £ *
T o ta l 4 .08 + 0  .67 ( n=2 4) 3 .21 + 0 .44 ( n=3 8 ) n . s.
Female 3.83 + 0  .86 (n -1 8 ) 3 .08 + 0 .88 (n=12) n . s.
Male 4 .83 + 0 .7 9 ( n= 6 ) 3 .27 + 0  .51 ( n=26 ) <0.05
b) Smoking h a b its
Smokers Non-smokers £ *
T o ta l 4 .64 + 0 .87 ( n=14) 3 .23 + 0  .41 ( n=4 8 ) <0 .0 0 1
Female 3 .57 + 1 .31 ( n=7) 3 .52 + 0 .72 ( n=23 ) n . s.
Male 5 .71 + 1 .08  (n=7)
A11 va lu e s  expressed as mean +_ s .e .m . fo r  group. 
* S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t 's  t - t e s t
2.96 + 0 .43 ( n=25) <0.001
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F ig  .22 Diagram i l lu s t r a t in g  c o rre la t io n  between the number o f
c ig a re tte s  smoked d a ily  and the number o f cups o f co ffee  
consumed d a ily  among subjects who reported  the number o f 
c ig a re tte s  smoked d a ily  ( n = 10 ) .
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F ig . 23 Diagram i l lu s t r a t in g  c o rre la t io n  between the number o f
' c ig a re tte s  smoked d a ily  and the number o f cups o f te a  plus  
co ffee  consumed d a i ly  among subjects who reported  the  
number o f c ig a re tte s  smoked d a ily  ( n = 10 ) .
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T a b l e  3 .5 (  v i )
Number o f cups o f  te a  and c o ffe e  consuned d a l ly  by male and fem a le  
s u b je c ts  a c c o rd in g  t o  d ie t in g  s ta tu s
Male Female p *
a) C o ffee
N o n -d ie te rs  3.27 ±  0 .51 (n=26) 3 .08 ± 0 .8 8  (n=12) n .s .
D ie te rs
1) d ie t in g  5.83 + 1 .1 9  (n=6 ) 4.17 + 0 .8 9  (n=18) n .s .
i i ) n o t  d ie t in g  4.83 + 0 .79 (n=6 ) 3 .83 + 0 .86 (n=18) n .s .
b) Tea
N o n -d ie te rs  1.42 ± 0 .3 6  ( n=26) 2.50 ± 0 .7 8  (n=12) n .s .
D ie te rs
1) d ie t in g  0.67 ± 0 .3 3  (n=6j  2.83 ± 0 .5 3  (n=18) ' <0.001
i i ) n o t  d ie t in g  0.67 ± 0 .3 3  (n=6 ) 2 .61 ± 0 .4 9  (n=18) <0.001
T ab le  3 .5( v i i )
Normal d a i ly  a lc o h o l in ta k e  ( 's ta n d a rd  d r in k s " )  o f  male amd fem a le  
s u b je c ts  a c c o rd in g  t o  d ie t in g  h is to r y .
Male Female p*
T o ta l 1 .69  ± 0 .3 3  (n=32) 0.98 ± 0 .1 9  (n=30) <0.001
D ie te rs  2.17 ± 0 .4 8  (n=6 ) 1.07 ± 0 .2 4  (n=18) <0.01
N o n -d ie te rs  1 .58  ± 0 .3 9  (n=26) 0.85 ± 0 .3 1  (n=12) <0.05
M l  va lu e s  expressed as mean ±  s .e .m . fo r  group.
* S ig n if ic a n c e  c a lc u la te d  u s in g  S tu d e n t 's  t - t e s t .
194
3 .5 .6 C o n s u m p t io n  o f  c o l a - t y p e  d r i n k s
Only 7 s u b je c ts  re p o r te d  d r in k in g  any c o la  d r in k s .  These 
s u b je c ts  were a l l  male (3 d ie te r s ,  4 n o n -d ie te rs ) .  Of th e  3 d ie te r s ,  
one re p o r te d  in c re a s e d  c o la  consum ption when d ie t in g ,  one re p o r te d  
decreased consum ption and one re p o r te d  unchanged consum ption.
3 .5 .7 Consumption o f  a lc o h o l ic  beverages
R eported a lc o h o l consunp tion  was conve rted  t o  's ta n d a rd  d r in k s ' ,  
as d e sc rib e d  by th e  H e a lth  E d uca tion  C ounc il in  th e  p u b lic a t io n  
■ T ha t's  th e  L im i t "  (H e a lth  E d uca tion  C o u n c il, 1 9 8 7 ). D a ily  in ta k e  o f 
a lc o h o l ranged f r a n  0 to  8 's ta n d a rd  d r in k s ' (see  Tab le  3 . 5 ( v i i ) ) ,  
w ith  a mean v a lu e  o f 1 .35  ±  0.20 's ta n d a rd  d r in k s ' per day.
A lco h o l consum ption among smokers was le s s  th a n  f o r  non-smokers 
(0 .8 5  +,0 .2 9 and 1.50 ±  0.24 's ta n d a rd  d r in k s ' per d a y ), p<0.001 . 
Male s u b je c ts  consumed s ig n i f i c a n t l y  more a lc o h o l than  fem a le  
s u b je c ts .  T h is  h e ld  t ru e  f o r  d ie te rs ,  when n o t d ie t in g ,  (m a le ,2.17 ±  
0 .48  and fem a le , 1.07 ± 0 . 2 4 ) ,  p<0 .01 ; n o n -d ie te rs  (m a le ,1 .58  ± 0 .3 9  
and fe m a le ,0.85 ± 0 . 3 1 ) ,  p<0.05? and t o t a l  s u b je c ts  (m a le ,1 .69  ± 0 .3 3  
and fe m a le ,0 .98  ±  0 .1 9 ) ,  P<0.001. When d ie t in g ,  d ie te rs  reduced
t h e i r  a lc o h o l in ta k e  (see Tab le  3 . 5 ( v i i i )  f ra n  1 .35  ±  0.23 to  0 .63  ±
0 .1 6 , p<0.001. T h is  h e ld  t ru e  f o r  bo th  fem a le  d ie te r s  (1 .07  ±  0 .24
and 0.45 ± 0 . 1 4 ) ,  p<0.01 and a ls o  f o r  m ale d ie te rs  (2 .17  ±  0 .48 and
1.17 ±  0 .4  8 ) ,  p< 0 .05 . There was a weak, though s ig n i f ic a n t
c o r r e la t io n  between BMI and a lc o h o l in ta k e  (expressed  as 's ta n d a rd  
d r in k s ' per d a y ')  f o r  a l l  s u b je c ts  (r= 0 .2 7  8 8 , n=62, p < 0 .0 5 ). When
d ie te rs  (n o t d ie t in g )  o n ly  were cons id e re d , t h is  c o r r e la t io n  was 
s tro n g e r (r=0 .6773 , n=24, p< 0 .001 ), see F ig .2 4 . There was a ls o  a 
s ig n i f ic a n t  c o r r e la t io n  between BMI and a lc o h o l consu np tion  f o r  
fem a le  d ie te rs  o n ly  (n o t  d ie t in g )  ( r= 0 .6 1 0 5 , n ^ lS , p < 0 .0 1 ).
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T a b l e  3 .5 (  v i i i )
T he e f f e c t s  o f  d i e t i n g  o n  a l c o h o l  c o n s u n p t i o n  ( " s t a n d a r d  d r i n k s ” p e r
d ay )  o f  d i e t e r s .  A l l  v a l u e s  e x p r e s s e d  a s  m e a n  +_ s . e . m .  f o r  g r o u p .
D ie t in g  Not d ie t in g  p*
T o ta l ( n=24) 0.63 + 0 .16 1.35 + 0 .23 <0.001
Female (n=18) 0.45 + 0 .14 1.07 + 0 .24 <0.01
Male (n=6 ) 1.17 + 0 .48 2.17 + 0 .48 <0.05
































C o r re la t io n  c o e f f i c ie n t s  ,=0.6773 
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3 .6 THE EFFECTS OF CAFFEINE ( 25MG/KG AND 50MG/KG) , GIVEN WITH AND 
WITHOUT A PALATABLE DIET, IN FEMALE W IS TAR RATS.
A b b re v ia t io n s  f o r  th e  groups used in  t h i s  s e c t io n  a re  as fo l lo w s :
L = 4 weeks le a n  c o n tro ls  (u n tre a te d , chow -fed)
D = 4 weeks d ie ta ry  obese (u n tre a te d , chew p lu s  p a la ta b le  d ie t )
LC25 = 4 weeks le a n  + c a f fe in e  25mg/kg d a i ly
DC25 = 4 weeks d ie ta ry  obese + c a f fe in e  25mg/kg d a i ly
LC50 -  4 weeks le a n  + c a f fe in e  50xng/kg d a i ly
DC50 = 4 weeks d ie ta ry  obese + c a f fe in e  50mg/kg d a i ly
Data f o r  groups L and D have a lre a d y  been p resen ted  in  s e c t io n  3 .1 ,
as r e s u l t s  f o r  le a n  and d ie ta ry  obese r a ts  a f t e r  4 weeks o f  s tu d y .
The tim e  p e rio d s  (weeks) r e fe r re d  to  in  t h is  s e c t io n  a re  th e  le n g th  
o f tim e  from  th e  s t a r t  o f  the  s tudy d u r in g  w h ich  th e  r a ts  have 
re c e iv e d  d rug  a n d /o r d ie ta ry  m a n ip u la tio n .
3 .6 .1  The e f fe c ts  on body w e ig h t (see  Tab le  3 . 6 ( i )  and F ig .2 5 )
There  were no s ig n i f ic a n t  d i f fe re n c e s  between th e  w e ig h ts  o f  the  
d i f f e r e n t  groups a t  th e  s t a r t  o f th e  week 1 . A f te r  th e  4 weeks o f  th e
s tu d y  LC25 had ga ined s ig n i f ic a n t l y  le s s  w e ig h t th a n  L (+23 .33 +_
2 .38g  and +31.58 +^2.63g, r e s p e c t iv e ly ) ,  p<0.01 and L (30 (+38.50 +.
2 .3 2 ) had ga ined  s ig n i f ic a n t l y  more w e ig h t than  L , p<0.05. Both DC25
(+84 .67 +_ 7 .20g) and DC50 (+84 .75 +_4.92g) had ga ined s ig n i f i c a n t l y  
more w e ig h t th a n  D (+66 .25 +_ 4 .46g) d u r in g  th e  4 weeks o f th e  s tu d y , 
bo th  p<0.001 . A l l  d ie ta ry  obese groups ga ined s ig n i f ic a n t l y  more 
w e ig h t th a n  t h e i r  le a n  c o u n te rp a rts , these d if fe re n c e s  be ing  
s ig n i f ic a n t  a t  th e  p<0 .0 0 1  le v e l .
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T ab le  3 .6 (1 )
W eights (g) o f  groups o f  r a ts  th ro u g h o u t th e  'c a f fe in e  s tu d y '.  A l l  va lues  expressed as mean + s .e .m . 
f o r  each group (n=12 f o r  each g ro u p ). For key to  a b b re v ia t io n s  f o r  groups used see s e c t io n  3 .6 .
Group S t a r t  o f Week 1 S t a r t  o f Week 2 S t a r t  o f Week 3 S t a r t  o f Week 4 End o f Week 4
L 2 1 1 .4 2 + 3 . 1 2 2 2 6 .2 5 + 3 . 1 8 23 0 .4 2 + 3 .5 4 23 8 .7 5 + 4 . 1 8 2 4 3 .0 0 + 4 . 1 0
D 2 0 9 .0 0 + 3 .5 4 2 2 4 .8 3 + 4 . 1 5 2 4 6 .9 2 + 4 . 8 6 25 8 .9 2 + 5 . 4 7 2 7 5 .2 5 + 6 . 8 0
LC25 2 0 9 .1 7 + 2 .1 1 2 1 8 .8 3 + 2 .3 1 2 2 5 .1 7 + 2 . 7 0 2 2 9 .5 0 + 3 .0 1 2 3 2 .4 2 + 3 .7 3
DC25 2 1 3 .8 3 + 1 .9 5 2 3 5 .6 7 + 2 .2 7 2 5 9 .0 0 + 3 .5 0 2 7 5 .0 8 + 3 .8 2 2 9 8 .5 0 + 6 . 7 1
LC50 21 3 .2 5 + 2 .6 3 2 2 9 .2 5 + 4 . 0 6 2 3 3 .0 0 + 4 . 3 5 2 4 4 .8 3 + 3 .9 8 25 1 .7 5 + 4 . 2 2
DC50 2 1 2 .0 0 + 1 .3 9 2 3 8 .0 0 + 2 .7 4 25 9 .6 7 + 3 .86 27 3 .9 2 + 4 . 0 4 2 9 6 .7 5 + 4 . 6 2
3 . 6 . 2  T h e  e f f e c t s  o n  minimum s y s t o l i c  b l o o d  p r e s s u r e  ( s e e  F i g . 2 6 )
As can be seen f ra n  Tab le  3 . 6 ( i i ) ,  th e  minimun s y s to l ic  b lo o d  
p re s s u re  v a lu e s  (mmHg) fo r  th e  d i f f e r e n t  groups were d is s im i la r  a t  
th e  s t a r t  o f  week 1 , which made th e  use o f th e  a b s o lu te  v a lu e s
q u e s tio n a b le . T h e re fo re , the  changes in  b lood  p re ssu re  over th e  4
weeks o f  th e  s tudy  were used. The Inc re ase  in  b lood  p re ssu re  o f group 
D (+18.50 + 4 .llmmHg) was s ig n i f ic a n t ly  g re a te r  th a n  f o r  L (+7 .67 +. 
3 .50mmHg), p<0 .001 . C o ns id e ring  th e  e f fe c ts  o f  c a f fe in e :  th e re  was a
sm a ll decrease in  b lood  p re ssu re  f o r  LC50 (-3  .25 +. 3 .6 6 mmHg) d u r in g
th e  s tu d y , thus  th e  change in  b lood  p re s s u re  f o r  LC50 was 
s ig n i f i c a n t l y  d i f f e r e n t  compared t o  t h a t  f o r  L (p < 0 .0 0 1 ). The
Inc re ase  in  b lood  p re ssu re  o f DC50 (+7 .50 +_ 3 .22mmHg) was
s ig n i f i c a n t l y  le s s  th a n  th a t  o f D (+18.50 +_ 4 .llmmHg) p<0 .001 .
However, DC25 shewed an in c re a se  in  b lood  p re ssu re  (+21.67 +.
3 .5 6 mmHg) s l i g h t l y  g re a te r than  th a t  o f D (p a la ta b le  d ie t  a lo n e ) ,  
a ltho ugh  t h is  d i f fe re n c e  was n o t s t a t i s t i c a l l y  s ig n i f ic a n t .
Thus, in  summary, a l l  d ie ta ry  obese groups shewed s ig n i f i c a n t l y  
g re a te r  in c re a s e s  in  minimun s y s to l ic  b lood  p re ssu re  th a n  t h e i r  le a n  
c o u n te rp a r ts .  W h ile  c a f fe in e  25mg/kg produced no s ig n i f ic a n t  e f fe c ts  
upon th e  change in  b lood  p re ssu re  over th e  4 week p e r io d  in  e i th e r  
le a n  (LC25) o r  d ie ta ry  obese (DC25) r a ts  compared to  L and D, 
re s p e c t iv e ly  th e  h ig h e r  dose o f 50mg/kg reduced th e  in c re a se  in  b lood  
p re ssu re  seen w i th  tim e  in  bo th  le a n  and d ie ta ry  obese r a ts  t o  such 
an e x te n t  t h a t  th e  change in  b lood  p re s s u re  o f DC50 was s im ila r  to  
th a t  o f L , w h ile  a sm a ll re d u c tio n  in  b lood  p re ssu re  over th e  4 weeks 
was seen f o r  LC50.
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T a b l e  3 .6 (  i i )
Minimun s y s to l ic  b lood  p re ssu re  v a lu e s  (mmHg) o f  th e  groups o f  r a ts  
d u r in g  th e  s tu d y . A l l  va lu e s  expressed as mean + s .e .m . fo r  group 
( n=12 fo r  a l l  g ro u p s ).
Group S ta r t o f Week 1 End o f Week 4 Change over 4 weeks
L 106 .67 +_ 1 .7  8 114.33 + 3 .34 +7 .67 + 3 .50
D 106 .67 +_ 3 .51 125.42 3 .42 +18.50 +_ 4.11
LC25 120.67 + 3 .2 8 122.92 +_ 3 .26 +2 .25 + 4 .72
DC25 128.67 + 2 .24 150 .33 3 .88 +21.67 +_ 3 .56
LC50 124.75 + 4 .25 121.50 +_ 3 .84 -3 .25 + 3 .66
DC50 128.42 + 3 .73 135.92 + 4 .2 8 +7 .50 + 3 .22
Tab le  3 .6 ( 111)
' I n  v iv o ' h e a r t r a te  (b e a ts  per m in u te ) o f  th e  groups o f  r a ts  d u r in g  
th e  s tu d y . A l l  v a lu e s  expressed as mean +_ s .e .m . f o r  group (n=12 
fo r  a l l  g ro u p s ).
Group S ta r t o f Week 1 End o f Week 4 Chanqe over 4
L 380 .67 +_ 1 0 . 2 1 389 .17 + 7 .23 +8 .15 +_ 9.36
D 37 2.0 4 +_ 6 .6 8 416 .25 + 6 .96 +44 .21 +_ 10.03
LC25 375.67 +_ 9 .74 347 .32 + 7 .92 -2 8 .3 5 +_ 7 .6 0
DC25 355.33 + 8.67 383 .69 + 7 .13 +28.36 +_ 9 .18
LC50 335.98 +_ 8 .34 353 .75 + 8 .21 +17 .77 +_ 10.24
DC50 356 .67 + 9.23 377 .96 + 9.24 +21.29 + 12 .22
For a b b re v ia t io n s  o f  groups used see s e c t io n  3 .6 .
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Fig. 25 The effects of diet and caffeine on the increase in body 
weight occurring during the 4 weeks of the study.







LC25 DC25 LC50 DC50L D
Group
Fig.26 The effects of diet and caffeine on the change in
systolic blood pressure occurring during the 4 weeks of 
the study. All values expressed as mean + s.e.m.
DC25 LC50 DC50
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3 . 6 , 3  T h e  e f f e c t s  o n  ' i n  v i v o '  h e a r t  r a t e  ( s e e  T a b l e  3 .6 (  i l l ) )
As w ith  th e  minimum s y s to l ic  b lood  p re ssu re  data  (see Tab le  
3 .6 ( 1 1 ) ) ,  th e  s t a r t in g  v a lu e s  f o r  mean h e a r t  r a te  were d is s im ila r  f o r  
th e  d i f f e r e n t  groups (see Tab le  3 .6 (1 1 1 ))  and th e re fo re  th e  changes 
In  ra te  d u r in g  th e  4 weeks o f  th e  s tudy were used In  p re fe re n ce  to  
th e  a b s o lu te  v a lu e s  (see a ls o  F ig .2 7 ) . A t th e  end o f  th e  4 weeks o f 
th e  s tudy g re a te r  In c re a se s  In  h e a r t  r a te  were seen f o r  a l l  th e  
d ie ta ry  obese groups compared w ith  t h e i r  le a n  c o u n te rp a r ts .  However, 
t h is  was o n ly  s ig n i f ic a n t  f o r  group D (+44.21 j+ 10 .03 bea ts  per 
m in u te ) compared w i th  L (+8 .15  +. 9 .36 b e a ts  per m in u te ) and f o r  DC25 
(+28.36 + 9 .18 ) compared w ith  LC25 ( -2 8 .3 5  + 7 .6 0 ) ,  bo th  p<0.001.
A lthough th e  change in  h e a r t  r a te  o f DC50 (+21 .29  £ 1 2 .2 2 )  was
g re a te r  than  t h a t  o f  LC50 (+17 .77 £  1 0 .2 4 ) ,  th e  d if fe re n c e  d id  n o t 
reach s ig n if ic a n c e .
C o n s id e rin g  th e  e f fe c ts  o f  c a f fe in e :  th e  v a lu e  f o r  LC25 (-2 8 .3  5
+ .7 .6 0 ) was s ig n i f i c a n t l y  low er th a n  t h a t  f o r  L (+8 .15  £  9 .3 6 ) ,
p<0.001, w h ile  th e  v a lu e  f o r  LC50 was s im i la r  to  t h a t  f o r  L ( i n  f a c t  
showing a s m a ll,  n o n -s ig n i f ic a n t  e le v a t io n ) .  In  th e  d ie ta ry  obese 
r a ts  both  25mg/kg and 50mg/kg c a f fe in e  re s u lte d  in  an a t te n u a t io n  o f 
th e  in c re a se  in  h e a r t  ra te  seen w ith  tim e  (compared w ith  th e  
u n tre a te d  d ie ta ry  obese group, D ), a ltho ugh  t h is  e f fe c t  was o n ly  
s ig n i f ic a n t  w ith  th e  h ig h e r  dose (p<0 . 0 1 ) .
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F ig .27
E ffe c t o f d ie t  and c a ffe in e  on the change in  ' in  v iv o ' h ea rt ra te  
occurring during the 4 weeks o f the study.
A i l  values expressed as mean +_ s.e.m .
<uft — o
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3 .6 .4 C a f f e i n e  a n d  f o o d  i n t a k e
Food in ta k e  ( f o r  24 hour p e r io d s ) was m o n ito re d  a t  v a r io u s  tim e s  
th ro u g h o u t th e  s tu d y . In ta k e  o f la b o ra to ry  chow ( in  g) was : L ,16  .57 
+ 0 .30  (n = 9 ) ; LC25, 16 .01  + 0 .19  (n=10)? LC50, 17 .68 + 0 .47 (n=5)
( n= number o f re a d in g s ) .  Thus fo o d  in ta k e  was in c re a se d  w ith  th e  h ig h  
dose o f c a f fe in e ,  s ig n i f ic a n t  a t  p<0.001 . The s l i g h t  decrease in  
d a i ly  food  In ta k e  w ith  th e  lew  dose o f c a f fe in e  d id  n o t reach  
s t a t i s t i c a l  s ig n if ic a n c e .  Food in ta k e  o f th e  groups o f fe re d  th e  
p a la ta b le  d ie t  was m o n ito re d  once o n ly  (d u r in g  week 4 ) .  Fran these 
da ta  th e  n u t r ie n t  c o n te n t o f th e  foods  ea ten  was c a lc u la te d  and can 
be seen below in  T ab le  3 .6 ( i v ) .
Tab le  3 .6 ( iv )
D a ily  n u t r ie n t  in ta k e  per r a t  ( i n  grams un less  o th e rw is e  s ta te d )
Sroup Fat Carbo­ P ro te in F ib re Sodium Enerqy
h y d ra te (mg) ( k c a l)
D 2 .0 1 15.19 2 .03 0 .87 170.23 82.24
DC25 1 . 8 8 13 .42 1 .61 0.7 9 182 .67 73.34
DC50 2.25 14.46 1.98 0 .93 191.44 81.80
A lthough no s t a t i s t i c a l  a n a ly s is  i s  p o s s ib le  f o r  these r e s u l t s ,  
they  g iv e  an in d ic a t io n  o f  th e  q u a n t i t ie s  consumed by th e  d ie ta r y  
obese groups o f  r a ts  and th e re  appears t o  be v e ry  l i t t l e  d i f fe re n c e  
between th e  groups. C e r ta in ly ,  th e re  i s  no in d ic a t io n  o f  th e  type  o f 
in c rea se  in  fo o d  consum ption  seen in  LC50 (h ig h  dose c a f fe in e ,  le a n ) .
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3 .6 .5 ' I n  v i t r o '  s t u d i e s :  t h e  i s o l a t e d  p e r f u s e d  h e a r t
The b a s e lin e  b e a tin g  ra te  and b a s e lin e  c o n t r a c t i l i t y  (unde r 2g
basa l te n s io n )  were reco rded  f o r  is o la te d  p e rfu s e d  h e a r t  p re p a ra t io n s
f ra n  r a ts  f ra n  each o f th e  groups (L , D, LC25, DC25, LC50, DC50) a t
th e  end o f  th e  4-week s tu d y . The responses t o  th re e  doses o f
n o ra d re n a lin e  (b e a t in g  ra te ,  c o n t r a c t i l i t y  and a rrh y th m ia s ) and tw o
doses o f a c e ty lc h o lin e  (d u ra t io n  o f  c a rd ia c  a r re s t  and re co ve ry  tim e )
were a ls o  s tu d ie d  f o r  each h e a r t  p re p a ra t io n . The doses o f
n o ra d re n a lin e  used were 5x10 mole, 5x10 10 mole and 5x10 9 mole
—9 —8and th e  doses o f  a c e ty lc h o lin e  used were 5x10 mole and 5x10 m ole,
a) B e a tin g  ra te  (see Tab le  3 .6 (v )  and F ig .28)
B a se lin e  ' i n  v i t r o '  b e a tin g  ra te s  were fa s te r  f o r  h e a r ts  f r a n  
d ie ta ry  obese r a ts  th a n  f o r  h e a r ts  f r a n  le a n  r a ts ,  though t h is  
d if fe re n c e  was o n ly  s ig n i f ic a n t  f o r  h e a r ts  f ra n  DC50 (262.22 +_ 6 .13 
b e a ts  per m in u te ) compared w ith  LC50 (234.0  9 +_ 9 .31  bea ts  pe r
m in u te ) ,  p<0 .0 0 1 .
A d m in is tra t io n  o f c a f fe in e  re s u lte d  in  a dose-dependent 
re d u c t io n  in  b a s e lin e  b e a tin g  ra te s  in  h e a r ts  f r o n  th e  le a n  groups, 
a ltho ugh  t h is  was o n ly  s ig n i f ic a n t  f o r  LC50 (234 .09  +_ 9 .31 ) compared 
w ith  LC25 and L ( 260.00 +_5.84 and 271.67 ±  6 .2 9 , r e s p e c t iv e ly ) ,
p<0.001 . B e a tin g  ra te  o f h e a rts  f ra n  LC25 were n o t s ig n i f ic a n t l y  le s s  
th a n  those o f h e a rts  f ra n  L . C h ron ic  a d m in is t ra t io n  o f  c a f fe in e  d id  
n o t a f f e c t  th e  ' i n  v i t r o '  b e a tin g  ra te  o f h e a rts  f r a n  th e  d ie ta r y  
obese r a ts .
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T a b l e  3 .6 (  v)
The e f fe c ts  o f 4 weeks o f  d a l ly  c a f fe in e  a d m in is t ra t io n  on th e  
b a s e lin e  b e a tin g  ra te  (b e a ts  per m in u te ) o f  th e  Is o la te d  p e rfu se d  
h e a r ts  f ra n  groups o f  r a ts  and th e  e f fe c ts  o f  th re e  doses o f 
n o ra d re n a lin e  (added ' I n  v i t r o ' )  on t h i s  r a te .  A l l  va lu e s  expressed 
as mean +_ s .e .m . fo r  group.
B a se lln e  
Group b e a tin g  ra te
L 271.67 + 6 .29
(n=9)
D 262.22 + 10 .35
(n=9)
LC25 260.00 + 5 .84 
( n = * ll)
DC25 249.00 + 9.96 
( n=12)
LC50 234.09 + 9 .31  
( n = l l )
DC50 262.22 + 6 .13 
( n=9)
A b b re v ia t io n s  used f o r  g roups;
L = 4 weeks le a n  (c h o w -fe d ) , u n tre a te d
D = 4 weeks d ie ta r y  obese (chow p lu s  p a la ta b le  d ie t ) ,  u n tre a te d
LC25 = 4 weeks le a n , c a f fe in e  25rog/kg d a l ly
DC25 = 4 weeks d ie ta r y  obese, c a f fe in e  25mg/kg d a l ly
LC50 = 4 weeks le a n , c a f fe in e  50mg/kg d a i ly
DC50 = 4 weeks d ie ta r y  obese, c a f fe in e  50mg/kg d a i ly
Inc re ase  in  b e a tin g  r a te  induced by dose o f
n o ra d re n a lin e  
5x10 ^  mole 
17 .7 8 + 2 .37
20 .56 + 6 .94
15.91 + 4 .90
21.67 + 5.98
19.55 + 6 .01
22.7 8 + 3 .13
(b e a ts  per m inu 
5x10 mole 
58.33 + 6 .12
53 .33 + 14.84
36 .36 + 10.02
55.00 + 10.50
54.55 + 8 .54
55.56 + 6 .26
5x10 9 mole 
88.33 + 11.02
78.89 + 13 .74
67 .73 + 12.22
95 .00 + 14.12
88.18 + 10.90
77 .22 + 11.91
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F ig .28 The e f fe c t  o f noradrenaline upon beating  ra te  o f is o la te d  
perfused hearts from lean and d ie ta ry  obese ra ts  and the changes 
induced by chronic treatm ent (4 'weeks) w ith  two doses o f c a ffe in e , 
A l l  values shown as mean, e rro r  bars om itted , 
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Log (dose noradrenaline/m ole)
Key
L = Lean, 4 weeks, untreated  q-------------- O (n=9)
D = D ie ta ry  obese, 4 weeks, un treated  •  •  (n=9)
LC25 = Lean, c a ffe in e  25mg/kg------------------^ ---------------- A (n = ll)
DC25 = D ie ta ry  obese, c a ffe in e  25mg/kg--A-----------------A (n=12)
LC50 = Lean, c a ffe in e  50mg/kg------------------ □----------------- □ (n = ll)
DC50 = D ie ta ry  obese, c a ffe in e  50mg/kg---■----------------- ■ (n=9)
208
C o n s id e rin g  th e  in c re a s e  in  r a te  induced by 5x10 ^  mole
n o ra d re n a lin e : th e re  w ere no s ig n i f ic a n t  d if fe re n c e s  between da ta
f ra n  e i th e r  d ie ta ry  obese and le a n  groups o r  between th e  c a f fe in e
t re a te d  and u n tre a te d  groups. The h e a r ts  frcm  th e  d ie ta ry  obese
groups d id  te n d  t o  g iv e  la r g e r  responses th a n  h e a r ts  frcm  t h e i r  le a n
c o u n te rp a r ts , though these d if fe re n c e s  were n o t s ig n i f ic a n t .
C o n s id e rin g  th e  in c re a s e  in  r a te  induced  by 5x10 10 mole
n o ra d re n a lin e : h e a r ts  frcm  a l l  th e  d ie ta ry  obese groups gave s im i la r
responses. H e a rts  frcm  th e  le a n  group, which had re c e iv e d  25mg/kg
c a f fe in e  (LC 25), gave s ig n i f i c a n t l y  low er responses (+36 .36 £  10.02
bea ts  per m in u te ) th a n  h e a r ts  frcm  both  u n tre a te d  le a n  r a ts  (L )
(+58.33 +. 6 .12) and h e a r ts  frcm  le a n  r a t s  w h ich  had re c e iv e d  th e  h ig h
dose o f c a f fe in e  (LC50) (54.55 ;t 8 .5 4 ) ,  bo th  a t  p<0 .01 . L a s t ly ,
-9c o n s id e r in g  th e  in c re a s e  in  r a te  Induced by 5x10 mole 
n o ra d re n a lin e . H e a rts  frcm  DC25 gave s ig n i f ic a n t l y  g re a te r  responses 
th a n  h e a r ts  frcm  LC25, p<0 .01 , though no o th e r  s ig n i f ic a n t
d if fe re n c e s  w ere observed w i th  t h is  dose. The h e a r ts  frcm  LC25 gave 
th e  s m a lle s t responses to  a l l  doses o f  n o ra d re n a lin e , which may be o f 
in te r e s t  as t h i s  group o f  r a ts  a ls o  showed a c o n s id e ra b le  f a l l  in  ' in  
v iv o ' h e a r t  r a te  d u r in g  th e  4 weeks o f c a f fe in e  a d m in is t ra t io n ,
b) C o n t r a c t i l i t y  under 2g te n s io n  (see Tab le  3 .6 ( v i )  and F ig .29)
The h e a r ts  f r a n  a l l  th e  c a f fe in e - t re a te d  groups (LC25, DC25, 
LC50, DC50) had s ig n i f i c a n t l y  g re a te r  b a s e lin e  c o n t r a c t i l i t y  th a n
h e a rts  f ra n  th e  c o rre sp o n d in g  u n tre a te d  groups (L  and D ) . No 
s ig n i f ic a n t  d i f fe re n c e s  were found  between th e  b a s e lin e  c o n t r a c t i l i t y  
o f the  d i f f e r e n t  d ru g - tre a te d  groups, a ltho ugh  th e  h e a r ts  frcm  th e  
obese groups tended  t o  have lc w e r c o n t r a c t i l i t y  than  t h e i r  le a n  
c o u n te rp a rts . In  a d d it io n ,  th e  50mg/kg t re a te d  groups tended to  have
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g r e a t e r  c o n t r a c t i l i t y  t h a n  t h e i r  r e s p e c t i v e  2 5 m g /k g  t r e a t e d
c o u n te rp a r ts . H earts  f r a n  th e  d ie ta r y  obese group (D) gave
s ig n i f ic a n t l y  g re a te r responses th a n  those  frcm  le a n  an im a ls  (L ) t o
a l l  th re e  doses o f n o ra d re n a lin e  ( a l l  a t  p< 0 .0 0 1 ). However, th e
responses to  a l l  th re e  doses o f  n o ra d re n a lin e  were s ig n i f ic a n t l y
reduced in  h e a r ts  frcm  d ie ta ry  obese r a ts  w h ich  had re c e iv e d  c a f fe in e
( DC25 and DC50) th a n  those f o r  h e a r ts  f r a n  u n tre a te d  obese an im a ls
(D ) f a l l  a t  p<0.001 . S im i la r ly ,  f o r  th e  h e a r ts  frcm  le a n  r a ts  w h ich
had re c e iv e d  c a f fe in e  (LC25 and LC 50), th e  responses t o  th e  two
h ig h e r  doses o f  n o ra d re n a lin e  were s ig n i f i c a n t l y  s m a lle r than  those
o f h e a rts  frcm  u n tre a te d  le a n  c o n t ro ls  ( L ) ,  a l l  a t  p<0 . 0 1  (e xce p t f o r  
-9th e  5x10 mole dose in  h e a r ts  frcm  LC25 which d id  n o t reach 
s t a t i s t i c a l  s ig n if ic a n c e ) .
c) The occurrence  o f a rrh y th m ia s  a f t e r  doses o f n o ra d re n a lin e
The number o f a rrh y th m ia s  (e c to p ic  bea ts  and m issed bea ts ) which 
o ccu rre d  in  h e a r ts  frcm  th e  d i f f e r e n t  groups (L , D, LC25, DC25, LC50, 
DC50) a f t e r  each o f the  th re e  doses o f n o ra d re n a lin e  were ana lysed  
u s in g  th e  n o n -p a ra m e tr ic  Mann-W hitney U - te s t  (see Tab le  3 . 6 ( v i i )  f o r  
th e  number o f a rrh y th m ia s  o c c u r r in g  in  each p re p a ra t io n ) . No 
s ig n i f ic a n t  d i f fe re n c e s  were fo und , between th e  groups, re g a rd in g  
th e  number o f a rrh y th m ia s  o c c u r r in g  a f t e r  any dose o f n o ra d re n a lin e .
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T a b l e  3 .6 (  v l )
The e f fe c ts  o f  4 weeks o f  d a l ly  c a f fe in e  a d m in is t ra t io n  on b a s e lin e  
c o n t r a c t i l i t y  (g )  o f  the  is o la te d  p e rfu s e d  h e a r ts  (under 2 g basa l
te n s io n )  frcm  groups o f  r a ts  and th e  e f fe c ts  o f  th re e  doses o f
n o ra d re n a lin e  (added ' i n  v i t r o ' )  on t h i s  c o n t r a c t i l i t y .  A l l  va lu e s
expressed as mean +_ s .e .m . f o r  th e  group.
B a se lin e  Response to  dose o f n o ra d re n a lin e  (% b a s e lin e
Group c o n t r a c t i l i t y  c o n t r a c t i l i t y )
5 x l0 ~ ^  mole 5x10 ^  mole 5x10 9 mole
L 6 .56 + 1.23 142.57 + 6 .85 192 .43 + 8 .19  211.50 + 10.87
( n=9)
D 6 .17 + 0 .59 175.59 + 8 .46 231.09 + 20 .96 255.36 + 21.13
( n=9)
LC25 8.61 + 0 .58 147 .33 + 4 .72 169.63 + 3 .70 195.43 + 5 .27
( n = l l )
DC25 8.06 + 0 .30 151.09 + 4 .22 177 .68  + 4 .39 198.90 + 6 .96
( n=12)
LC50 9.34 + 0 .49 144.67 + 3 .26 166 .64 + 4 .45 179.79 +.3 .61
( n = l l )
DC50 8.33 + 0 .71  146 .78 + 6 .99 164.20 + 8 .39 179.14 + 6 .21
(n=9)
For key to  a b b re v ia t io n s  f o r  groups see Tab le  3 .6 (v )
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F ig . 29 The e f fe c t  o f noradrenaline upon c o n t r a c t i l i t y  o f is o la te d  
perfused hearts  from lean and d ie ta ry  obese ra ts  and the changes 
induced by chronic treatm ent (4 weeks) w ith  two doses o f c a ffe in e .  
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■O (L ) , le a n , 4 weeks untreated  (n=9)
(D ), d ie ta ry  obese, 4 weeks untreated  (n=9) 
(L C 25 ),lean , c a ffe in e  25mg/kg (n = ll)
(DC25), d ie ta ry  obese, c a ffe in e  25mg/kg (n=12) 
(L C 50 ),lean , c a ffe in e  50mg/kg (n = ll)
(DC50), d ie ta ry  obese, c a ffe in e  50mg/kg (n=9)
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T a b l e  3 .6 (  v i i )
The number o f a rrh y th m ia s  (m issed bea ts  and e c to p ic  bea ts ) o c c u r r in g  
In  Is o la te d  p e rfu s e d  h e a r ts  f r a n  groups o f  r a ts  a f t e r  each o f th re e  
doses o f  n o ra d re n a lin e  (d u r in g  f i r s t  3 m inu tes a f t e r  each d o s e ). 
Va lues shewn f o r  each p re p a ra t io n .
Group Dose o f norad r enal ine
-95 x  10 mole5 x  10 ^  mole lrt-1 0  5 x  10 mole
L 1 ,1 ,1 ,0 ,3 6 ,0 , 0 ,2 ,0 ,1 ,0  ,9 , 2 , 0 , 0 ,1 , 2  ,16 ,
( n=9) 1 , 0 , 0 2 , 0 , 0 2 , 0 ,0
D O*O*o*oo*o 1 ,1 ,2  ,0 ,3 ,1 , 143 ,2 ,1 ,0  ,2 ,2
(n=9) 0 , 0 , 0 2 2 ,0  ,0 0 , 0 ,0
LC25 1 , 2  ,0 ,0 ,0 ,0 , 3 ,2 1 ,0 ,0 ,0 ,1 , 1 ,1 ,0  ,0 ,5 ,3 ,
( n = l l ) 0 , 0 , 0 , 1 , 1 3 ,1 0 ,0 ,5 ,1 0 ,0 ,1 2 ,1 0 6 ,1
DC25 0 ,0 ,0 ,0 ,0 ,0 , 0 , 2 , 0 , 1 , 1 , 0 , 0 / 1 / 0 , 6 ,0 , 0 ,
( n=1 2 )
o*oooo*o 0 ,9 ,1 1 ,0 ,0 ,3 2 ,0 ,0 ,1 5 ,3 ,1
LC50 0 ,0 ,7 ,0 ,2 3  ,3 , 0 ,2 ,2 ,0 ,3 ,2 , 0 ,8 ,5 5 ,2 ,2 ,0 ,
( n = l l ) 0 , 1 , 2 , 0 , 1 0 ,1 ,0  ,2 ,4 2 ,1 ,0  ,0 ,3
DC50 *O*ooooo 0 ,5 ,0 ,2 ,2 ,0 , 1 ,3 ,2 ,3 6 ,1 0 ,4
(n=9) 0 , 0 , 0 4 ,8 ,0 7 ,2 ,0
No s ig n i f ic a n t  d i f fe re n c e s  i n  th e  nunber o f a rrh y th m ia s  were found  
between th e  groups, w ith  any dose o f n o ra d re n a lin e  (u s in g  th e  
Mann-Whitney U - te s t ) .  For key to  a b b re v ia t io n s  f o r  groups see T ab le  
3 .6 ( v) .
213
d )  T h e  r e s p o n s e s  t o  d o s e s  o f  a c e t y l c h o l i n e
C o n s id e rin g  f i r s t  th e  d u ra t io n  o f  c a rd ia c  a r re s t  induced  by 
- 9
5x10 mole a c e ty lc h o lin e  (see T ab le  3 .6 ( v l i i ) a ) ) :  th e  h e a r ts  frcm
th e  d ie ta r y  obese r a t s  (D) stopped f o r  lo n g e r th a n  h e a r ts  frcm  le a n
c o n t ro ls  ( L ) ,  (3 .8 7  + .0 .83  and 2.30 ±  0 .73  seconds, re s p e c t iv e ly )
p<0 .05 .The  h e a r ts  frcm  both  le a n  c a f fe in e - t re a te d  groups (LC25 and
LC50) a ls o  stopped f o r  lo n g e r  than  those  frcm  L (b o th  p< 0 .0 0 1 ). The
h e a rts  frcm  bo th  c a f fe in e - t re a te d  d ie ta r y  obese groups (DC25 and
DC50) a ls o  stopped f o r  lo n g e r than  those  frcm  D (p<0.01 fo r  DC25 vs D
and p<0.001 fo r  DC50 vs D ) . There was no d if fe re n c e  between th e
d u ra t io n  o f  c a rd ia c  a r re s t  o f h e a rts  frcm  th e  two le a n  c a f fe in e
tre a te d  groups, LC25 and LC50, however h e a r ts  frcm  DC50 stopped fo r
lo n g e r than  those  frcm  DC25. Thus h e a r ts  frcm  obese an im a ls
c h r o n ic a l ly  p re - t r e a te d  w ith  th e  two doses o f  c a f fe in e  shewed a
dose-dependent le n g th e n in g  o f c a rd ia c  a r re s t  p e r io d s  induced by 
-95x10 mole o f a c e ty lc h o lin e .  However in  h e a r ts  frcm  th e  le a n  an im a ls
bo th  doses o f c a f fe in e  produced a s im i la r  le n g th e n in g  o f  th e  c a rd ia c
-9a r re s t  p e r io d  Induced by 5x10 mole a c e ty lc h o lin e .  Secondly,
—8
c o n s id e r in g  th e  d u ra t io n  o f  c a rd ia c  a r re s t  induced  by 5x10 mole o f 
a c e ty lc h o lin e  (a g a in , see Tab le  3 .6 ( v i i i ) a ) ) .  There were no 
d if fe re n c e s  between da ta  o b ta in e d  frcm  u n tre a te d  le a n  and obese r a ts .  
Again , h e a rts  f r a n  bo th  d ie ta ry  obese groups w h ich  had re c e iv e d  
c a f fe in e ,  had lo n g e r  c a rd ia c  a r re s t  p e r io d s  th a n  h e a r ts  frcm  d ie ta ry  
obese c o n tro ls  (p< 0 .0 0 1 ) ,  fu rth e rm o re  th e  h ig h  dose o f c a f fe in e  was 
a s s o c ia te d  w ith  an a d d it io n a l le n g th e n in g  o f  th e  c a rd ia c  a r re s t  
p e r io d . T h e re fo re , ag a in  a d m in is t ra t io n  o f  c a f fe in e  re s u lte d  i n  a 
dose-dependent le n g th e n in g  o f  the  c a rd ia c  a r re s t  p e r io d  Induced by 
a c e ty lc h o lin e .  C a ffe in e  tre a tm e n t d id  n o t a f f e c t  th e  d u ra t io n  o f
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T a b l e  3 .6 (  v i i i )
R e s p o n s e s  o f  I s o l a t e d  p e r f u s e d  h e a r t s  f r o m  g r o u p s  o f  r a t s  t o  tw o
doses o f  a c e ty lc h o lin e .  M l  va lu e s  shown as mean +_ s .e .m . fo r  group.
a) D u ra t io n  o f  c a rd ia c  a r re s t  (seconds)
Dose o f a c e ty lc h o lin e
-9  - 8Group 5 x  10 mole 5 x  10 mole
L ( n= 9) 2.30 + 0 .73 8.16 + 1.16
D (n=9) 3.87 + 0 .83 7 .78 + 0 .82
LC25 ( n = l l ) 4 .69  + 1 .04  8.95 + 1 .0 9
DC25 ( n=12) 6 .11  + 0 .99 13 .7 8 + 1 .44
LC50 ( n = l l ) 4.41 + 0 .4 6  10.13 + 1 .3 7
DC50 ( n=9) 10.18 + 1 .5 1  16.69 + 1 .89
b) Length o f tim e  to  re co ve r re g u la r  bea t (seconds)
Dose o f a c e ty lc h o lin e
Group 5 x  10"-9 mole 5 x  10"-8 mole
L ( n=9) 12.3 0 +_ 2.65 38.47 +_ 2 .97
D ( n=9) 11.61 +_ 2.67 31.20 +_ 2 .47
LC25 ( n = l l ) 14.08 +_ 2 .3 2 40 .6 8 +_ 3 .70
DC25 ( n=12) 19.05 +_ 3 .20 46 .2 9 + 4 .01
LCS0 ( n = l l ) 18.75 + 1.08 39.99 +_ 1.06
DC50 ( n=9) 18.23 +_ 1.63 37 .31 + 2 .00
For key to  a b b re v ia t io n s  f o r  groups see Tab le  3 .6 (v )
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4
c a r d i a c  a r r e s t  i n d u c e d  by a c e t y l c h o l i n e  i n  h e a r t s  f r a n  l e a n  r a t s .
C o n s id e rin g  th e  tim e  re q u ire d  t o  resume re g u la r  b e a tin g  ra te  
-9a f te r  5x10 mole a c e ty lc h o lin e  (see T ab le  3 .6 ( v i i i ) b ) ) ,  th e re  was no 
s ig n i f ic a n t  d if fe re n c e  in  th e  response o f  h e a rts  from  le a n  (L) and 
d ie ta ry  obese (D) groups. However, bo th  doses o f c a f fe in e  in c re a se d  
th e  re co v e ry  tim e f o r  h e a rts  f ra n  obese r a ts  (DC25 and DC50), both 
p<0.001, a lthough  t h is  e f fe c t  d id  n o t appear to  be dose-dependent. A 
s im i la r  t re n d  was seen in  th e  h e a r ts  frcm  th e  c a f fe in e - t re a te d  le a n  
r a ts  . H e a rts  frcm  LC50 had s ig n i f i c a n t l y  lo n g e r re co ve ry  tim es th a n  
h e a r ts  f ra n  L (p<0.001) and LC25 (p < 0 .0 1 ) , bu t h e a r ts  f ra n  LC25 d id
n o t have s ig n i f ic a n t ly  lo n g e r re co ve ry  tim es th a n  h e a r ts  frcm  L .
- 8L a s t ly ,  c o n s id e r in g  th e  re co ve ry  tim es  a f te r  5x10 mole 
a c e ty lc h o lin e  (a g a in , see T ab le  3 .6 ( v i i i ) b ) ) :  h e a r ts  frcro  obese r a ts  
(D) recove red  more q u ic k ly  than  h e a r ts  f ra n  le a n  r a ts  ( L ) ,  p<0.01. 
C hron ic  a d m in is t ra t io n  o f c a f fe in e  (LC25 and LC50) d id  n o t a l t e r  th e  
re co ve ry  tim e  seen in  h e a r ts  f ra n  le a n  r a ts  ( L ) .  Hew ever, 
p re - tre a tm e n t w ith  25mg/kg c a f fe in e  (DC25) in  obese r a ts  re s u lte d  in  
an in c re a se d  re co ve ry  tim e  compared w ith  u n tre a te d  obese r a ts  (D ), 
p<0.001 . T h is  leng thened  re co ve ry  tim e  was a ls o  seen w ith  th e  h ig h e r  
dose o f c a f fe in e  in  obese r a ts  (DC50), a lth o u g h  i t  was le s s  
s ig n i f ic a n t  a t  p<0.05 ( th e  v a lu e  f o r  LC50 o f 37 .31  ± 2 .0 0  b e in g  
s im i la r  to  t h a t  seen f o r  le a n  c o n tro ls  , 38.47 +_ 2 .9 7 ) .  Thus, w h ile
th e  e f fe c t  o f c a f fe in e  on th e  response o f th e  is o la te d  h e a r ts  t o  
a c e ty lc h o lin e  i s  t o  le n g th e n  th e  d u ra t io n  o f  c a rd ia c  a r r e s t ,  i t s  
e f fe c ts  on re co ve ry  tim e  a re  le s s  c le a r .  S im i la r ly  c o n tra d ic to ry  
f in d in g s  a re  seen w ith  th e  e f fe c t  o f d ie ta ry  o b e s ity .  There was a 
sm a ll bu t s ig n i f ic a n t  in c re a s e  in  th e  d u ra t io n  o f  c a rd ia c  a r re s t  
induced by th e  lo w e r dose o f a c e ty lc h o lin e  (p < 0 .0 5 ), which was n o t
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seen w ith  th e  h ig h e r  dose, w h ile  th e  tim e  f o r  re co ve ry  fo l lo w in g  each 
dose o f a c e ty lc h o lin e  was reduced ( s ig n i f i c a n t ly  f o r  th e  h ig h e r  dose 
o f a c e ty lc h o lin e ,  p<0 .0 1 ) .
3 .6 .6 ' I n  v i t r o *  s tu d ie s : th e  Is o la te d  p e rfu s e d  m e s e n te r ic  v a s c u la tu re  
The maximum response (expressed  as maximun in c rea se  In  p e r fu s io n  
p re ssu re , mmHg) induced by bo lus  in je c t io n s  o f  n o ra d re n a lin e  in  th e  
is o la te d  p e rfu s e d  m e se n te ric  bed were reco rded  f o r  a l l  g roups. The
r e s u l t s  w ere as fo l lo w s :  L , 135.30 +_ 7.60mmHg? D, 133 .00 +_ 8 .50 mmHg;
LC25, 82.22 +_ 8 .17mmHg; DC25, 99.82 +_ 6 .80mmHg? LC50, 76.41 +_
6.80mmHg; DC50, 104.98 +_ 11.91mmHg. These r e s u l t s  a re  re p re se n te d
g ra p h ic a l ly  in  F ig .3 0 . There was no s ig n i f ic a n t  d if fe re n c e  between 
th e  v a lu e s  f o r  L and D. C a ffe in e  p re - tre a tm e n t,  a t  bo th  dose le v e ls ,  
re s u lte d  in  a s ig n i f ic a n t  re d u c t io n  i n  th e  maximal response. T issues 
frcm  LC25 and LC50 bo th  gave s ig n i f ic a n t ly  lcw e r maximal responses 
th a n  t is s u e s  f ra n  L (b o th  p< 0 .0 0 1 ). T issues  f ra n  DC25 gave 
s ig n i f ic a n t ly  low er maximal responses th a n  t is s u e s  f ra n  D (p<0 .0 0 1 ) 
and those f ra n  DC50 a ls o  gave s ig n i f ic a n t l y  lcw e r maximal responses 
th a n  t is s u e s  f ra n  D (p < 0 .0 1 ). There were no s ig n i f ic a n t  d if fe re n c e s  
between maximal responses o f  t is s u e s  f ra n  DC25 and DC50 or between 
t is s u e s  f ra n  LC25 and LC50. However t is s u e s  f ra n  DC50 gave g re a te r 
maximal responses th a n  t is s u e s  f ra n  LC50 (p<0 .001) and t is s u e s  f ra n  
DC25 gave s ig n i f ic a n t l y  g re a te r  maximal responses th a n  t is s u e s  frcm  
LC25 (p < 0 .0 1 ). Thus, th e  presence o f d ie ta ry  o b e s ity  appeared to
a tte n u a te  th e  re d u c t io n  in  maximal reponse w h ich occu rred  w ith
c a f fe in e  tre a tm e n t.
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Fi<?*30 Change in the maximum response induced by noradrenaline 
in the isolated perfused mesenteric vasculature from lean and 
dietary obese rats by chronic (4 weeks) treatment with two doses 
of caffeine.
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LC25 DC25 LC50 DC50L D
Group
L = Lean/ 4 weeks untreated (n=6)
D = Dietary obese/ 4 weeks untreated (n=6) 
LC25 = Lean, caffeine 25mg/kg (n=ll)
DC25 = Dietary obese, caffeine 25mg/kg (n=12) 
LC50 = Lean, caffeine 50mg/kg (n=12)
DC50 = Dietary obese, caffeine 50mg/kg (n=ll)
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Chapter 4 : DISCUSSION
CHAPTER 4 : DISCUSSION 
4 .1 THE USE OF THE DIETARY OBESE RAT MODEL FOR OBESITY.
Many animal models o f  o b e s ity  have been deve loped in c lu d in g  
n e u ra l models such as r a ts  w ith  v e n tro m e d ia l hypo tha lam ic  le s io n s ;  
end ocrine  models such as o v a r ie c tc m is e d  a n im a ls ; g e n e tic  models 
in c lu d in g  th e  ob/ob mouse and th e  f a / f a  Zucker r a t  and f i n a l l y  
d ie ta ry  obese models (see s e c t io n  1 .2 . 5 ) .  A number o f fa c to r s  were 
cons ide red  when s e le c t in g  th e  most s u ita b le  an im a l model fo r  these 
s tu d ie s .  The f i r s t  requ ire m en t was th a t  th e  o b e s ity  shou ld  be induced 
by s im i la r  mechanisms to  those commonly a s s o c ia te d  w ith  th e  human 
d ise a se . As no n e u ra l d y s fu n c tio n  has been id e n t i f ie d  in  most fo rm s 
o f  human o b e s ity  th e  le s io n e d  an im a l models were n o t cons ide red  
a p p ro p r ia te .  Secondly, a lthough  some endocrine  im balance may occur as 
a r e s u l t  o f  the  e s ta b lish m e n t o f o b e s ity  (see  s e c t io n  1 .2 .3 c ) ,  th e re  
i s  l i t t l e  evidence to  suggest t h a t  end ocrine  d is o rd e rs  a re  a m a jo r 
cause o f th e  c o n d it io n  in  man. T h ir d ly ,  th e  g e n e t ic a l ly  obese an im a l 
models were exc luded because o f th e  occurrence  o f gross m e ta b o lic  
a l te r a t io n s  n o t m ir ro re d  i n  th e  human d isease . For example, th e  f a / f a  
r a t  d is p la y s  h y p e r lip id a e m ia  and th e  ob/ob mouse hype rg lycaem la  and 
h y p e rln s u lin a e m ia  (see s e c t io n  1 .2 . 5 ) .  The d ie ta ry  obese r a t  was 
s e le c te d  as th e  most s u ita b le  model f o r  human o b e s ity  because th e  
an im a ls  appear to  become f a t  due to  o v e re a tin g  and la c k  o f  p h y s ic a l 
e x e rc is e . The th re e  most common methods o f  p ro d u c in g  d ie ta r y  o b e s ity  
in  ro d e n ts  a re  p ro v is io n  o f  a h ig h  f a t  d ie t ,  a h ig h  sugar d ie t  o r a 
v a r ie d  p a la ta b le  d ie t ,  o f te n  re fe r re d  to  as a "supe rm arke t” o r  
" c a fe te r ia ” d ie t  (S c la fa n i,  1 9 8 4 ). The v a r ie d  p a la ta b le  d ie t  was 
chosen because th e  fo o d  item s used (R ice  K r is p ie s ,  d ig e s t iv e
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b is c u i t s ,  luncheon meat and c h o c o la te )  a llo w  fo r  a more ba lanced 
in ta k e  o f n u t r ie n ts  th a n  i s  p o s s ib le  w ith  e i th e r  th e  h ig h  f a t  o r h ig h  
sugar d ie ts .  E a r l ie r  s tu d ie s  have shewn t h a t  t h is  d ie t  produced a 
g re a te r  ra te  o f w e ig h t g a in  th a n  s ta n d a rd  la b o ra to ry  chew (F le e c e , 
1983 ; Agadah,1985) .  The o b e s ity  produced by t h is  model is  m oderate 
compared t o  th a t  o c c u rr in g  w ith  th e  n e u ra l and g e n e tic  m odels.
However, the  w e ig h t g a in  seen w ith  the  p a la ta b le  d ie t  was 
u n p re d ic ta b le , w ith  some r a ts  g a in in g  r a p id ly  and c o n t in u in g  t o  g a in  
w e ig h t ove r many weeks, w h ile  o th e rs  o n ly  showed a m oderate g a in  in
w e ig h t over th a t  o f chow -fed c o n t ro ls .  As th e  r a ts  were housed in
groups o f  s ix  i t  was n o t p o s s ib le  to  measure th e  fo o d  and w a te r 
in ta k e  o f each in d iv id u a l r a t .  T h e re fo re , one c o u ld  n o t de term ine 
w hether th e  r a ts  who shewed l i t t l e  w e ig h t g a in  d id  so because they 
a te  le s s  th a n  t h e i r  f a t t e r  c o u n te rp a rts  o r  w hether they  were more 
a c t iv e  a n d /o r had a h ig h e r m e ta b o lic  r a te .  S in g le  h o u s ing  w ou ld  have 
been re q u ire d  to  in v e s t ig a te  t h is  more f u l l y .  However, s in g le  hou s ing  
i t s e l f  a l te r s  fo o d  in ta k e  (Agadah, 198 5 ), thus fo l lo w in g  th e  poor 
responders by housing  them in d iv id u a l ly  would n o t have g ive n  an 
a ccu ra te  in d ic a t io n  o f t h e i r  behav iour i n  a group.
In  a d d it io n  t o  th e  v a r ia t io n  in  w e ig h t g a in  seen w i t h in  groups, 
v a r ia t io n  was a ls o  apparen t f o r  th e  mean w e ig h t g a in  o f d i f f e r e n t  
groups re c e iv in g  th e  p a la ta b le  d ie t .  I t  can be c le a r ly  seen in  Tab le
3 .2 (v )  t h a t  the  mean w e ig h t g a in  per r a t  over th e  f i r s t  4 weeks o f
re c e iv in g  th e  p a la ta b le  d ie t  v a r ie d  from  48g ( f o r  MAZ) to  7 7 g (fo r  D ). 
The w e ig h t g a in  f o r  th e  age-matched chow -fed  c o n t ro ls  (L ) in  th a t  
p a r t ic u la r  experim ent was 36g and so a lth o u g h  a l l  th e  groups o f 
an im a ls o f fe re d  th e  p a la ta b le  d ie t  ga ined s ig n i f i c a n t l y  more w e ig h t 
than  chcw -fed c o n t ro ls  (and may th e re fo re  be cons ide red  'd ie ta r y
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o b e se ') th e  w e ig h t g a in  in  one group was a lm ost 30g g re a te r  (mean per 
r a t )  th a n  in  o th e rs .
One p o s s ib le  e x p la n a tio n  f o r  some o f t h is  v a r ia t io n  in  th e  ra te  
o f w e ig h t ga in  i s  th e  e f fe c t  o f seasonal v a r ia t io n  on l i p i d  
m e ta b o lis n . A lthough expe rim e n ta l c o n d it io n s  were s ta n d a rd is e d  as f a r  
as p r a c t ic a l ,  i t  was n o t p o s s ib le  to  s tudy  a l l  groups to g e th e r  and 
th e  s t a r t in g  da tes f o r  th e  groups had to  be s taggered  ove r a t  le a s t  6 
to  8 weeks to  a llo w  s u f f i c ie n t  tim e  f o r  a l l  th e  m o n ito r in g  procedures 
to  be c a r r ie d  o u t .  Indeed, th e  da ta  shown in  Tab le  3 .2 (v )  was 
c o l le c te d  ove r more than  12 months. Heaf e t  a l  (197 9) shewed th a t  the  
e f fe c t  o f fo o d  In ta k e  on plasma f r e e  f a t t y  a c id  le v e ls  in  r a ts  ranged 
frcm  a lo w e r in g  o f le v e ls  i n  w in te r  to  an in c re a s e  in  summer. No 
seasonal v a r ia t io n  was observed in  th e  co rre sp o n d in g  b lo o d  glucose 
v a lu e s  however. E e a f's  s tudy found th a t  bo th  fa s t in g  and p o s tp ra n d ia l 
plasma f r e e  f a t t y  a c id  le v e ls  v a r ie d  w id e ly ,  w ith  m inima o c c u r r in g  in  
la t e  January and May. A s im ila r  d ic y c l i c  v a r ia t io n  was observed by 
B a r r e t t  (1 9 6 4 ), w ith  m inim a o c c u r r in g  in  June and December. In  th e  
l a t t e r  s tudy  th e  peak v a lu e s , o c c u r r in g  F e b ru a ry /A p r i l and 
August/Septem ber, were a p p ro x im a te ly  30% h ig h e r th a n  th e  low  f ig u re s ,  
th e  d if fe re n c e  be in g  h ig h ly  s ig n i f ic a n t  (p < 0 .0 0 1 ). The d ic y c l ic  
seasonal v a r ia t io n  in  plasma f r e e  f a t t y  ac ids  corresponds to  a 
s im i la r  p a t te rn  seen in  serum c h o le s te ro l le v e ls  (T horp  & 
W a rin g ,1962; Edgren, 196 3 ).
Inc re ases  in  plasma f r e e  f a t t y  ac ids  have been observed in  
s i tu a t io n s  o f s tre s s  a n d /o r a rousa l due to  s t im u la t io n  o f sym pa the tic  
nervous system a c t i v i t y .  Heaf e t  a l  (197 9) suggested t h a t  the  
in c re a se d  a ro u sa l o f expe rim e n ta l an im a ls  i n  th e  summer months was 
r e la te d  to  th e  seasonal cyc le s  o f  agg re ss ion  a s s o c ia te d  w ith  th e
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d is p e rs a l o f roden t p o p u la tio n s  In  th e  w i ld  (K rebs & M yers, 1974) and
th a t  th e  Inc re ased  le v e ls  o f  f r e e  f a t t y  ac ids  Induced by fe e d in g  In
th e  summer r e f le c te d  an enhanced sym p a th e tic  a c t i v i t y  as a r e s u l t  o f
th e  g re a te r  s ta te  o f a ro u s a l. S im ila r  seasonal v a r ia t io n s  In
a d re n o c o r t ic a l and th y ro id  fu n c t io n  have been shown t o  occur (Thorp ,
19 6 3 ). An e x te rn a l syn ch ro n ise r o f th e  observed seasonal e f fe c ts
w ould  appear to  be necessary, hcwever, no such s y n c h ro n is e r has been
I d e n t i f ie d .  In  some s tu d ie s  th e  p o w e rfu l e f fe c t  o f p h o to p e rio d  has
seemed a l i k e l y  ca n d id a te . However, In  H e a f 's  s tudy and a ls o  In  th e
d ie ta ry  obese r a t  s tu d ie s  d e sc rib e d  h e re , th e  v a r ia t io n  In
p h o to p e rio d  was e lim in a te d  by th e  use o f a c o n s ta n t f ix e d  l ig h t : d a r k
r a t i o .  One p o s s ib le  syn c h ro n is e r o r in d u c e r o f m e ta b o lic  rhythm s
w h ich was n o t f u l l y  c o n t ro l le d  In  H e a f's  s tudy  was th e  la b o ra to ry
ote m p e ra tu re . The la b o ra to ry  was m a in ta in e d  a t  21 C d u r in g  th e  w in te r
bu t in  th e  summer th e  tem p era tu re  m ig h t have r is e n  i f  tem pera tu res
oo u ts id e  rose above 21 C as th e re  were no f a c i l i t i e s  t o  p re ve n t an
in c rea se  in  te m p e ra tu re . (The same l im i t a t i o n  was n o t t ru e  f o r  th e
s tu d ie s  o f  d ie ta ry  obese r a ts  d e sc rib e d  h e re , however, as th e  an im a l
ohous ing  roans were m a in ta in e d  a t  22 C d u r in g  th e  w ho le  y e a r ) .
However, change in  tem p e ra tu re  seems an u n l ik e ly  e x p la n a tio n  f o r  th e  
v a r ia t io n s  in  l i p i d  m etabolism  in  v iew  o f th e  f in d in g  by Jouanneteau 
e t  a l (197 5) t h a t  th e  e f fe c t  o f  tem pera tu re  on a number o f
measurements o f  l i p i d  m etabolism  in  th e  r a t  was i t s e l f  se a so n a lly  
dependent. Again  in  expe rim en ts  w ith  s ta n d a rd is e d  l i g h t in g  and 
te m p e ra tu re , seasonal v a r ia t io n s  have been d e te c te d  in  th e  g lycogen 
c o n te n t o f diaphragm m uscle (Pessacq & G a g lia rd in o , 197 5) and in  
b lood  l i p i d  and a number o f o th e r b lood  measurements i n  two d i f f e r e n t  
s t ra in s  o f m ice (Cuendat e t  a l ,  1 9 7 5 ). S ince s u s c e p t ib i l i t y  to
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seasonal In flu e n c e s  may be a c h a r a c te r is t ic  o f  l i p i d  m etabo lism  in  
th e  r a t ,  i t  i s  in te r e s t in g  th a t  a nun be r  o f m e ta b o lic  e f fe c ts  have 
been d e te c te d  in  adipose t is s u e  (B o r ig h t  e t  a l,1 9 6 2 ; B la c k a rd  & 
Cameron, 1 96 7 ).
The seasonal v a r ia t io n s  observed in  l i p i d  m etabo lism  and 
sy m p a th e tic  nervous system a c t i v i t y  may a f fe c t  energy e x p e n d itu re  and 
f a t  d e p o s it io n  (and hence w e ig h t g a in ) in  d ie ta ry  obese and le a n  
r a t s .  As s ta te d  e a r l ie r ,  the  da ta  f o r  th e  w e ig h t changes shown in  
T ab le  3 .2 ( v ) ,  f o r  th e  le a n , obese and w e ig h t-re d u c e d  r a ts  was 
o b ta in e d  ove r a p e r io d  o f  more th a n  12 months. Each group o f r a ts  was 
m o n ito re d  f o r  a p e r io d  o f  8 weeks (see s e c t io n  2 .8 .6  fo r  e xp e rim e n ta l 
d e ta i ls )  and th e  m o n ito r in g  p e r io d s  were as fo l lo w s :  f o r  th e  le a n , 
u n tre a te d  group (L ) A p r1 1 -June 1986; f o r  th e  d ie ta ry  o b e s e ,u n tre a te d  
group (D ) , A p r il-J u n e  1986? f o r  th e  d ie ta ry  obese, c o n tro l-d o s e d  group 
(C D ),O ct-D ec 1986; f o r  group WD (p a la ta b le  d ie t  w ith d ra w n ), Oct-Dec 
1986; f o r  th e  am phe tam ine-trea ted  group (AMEEt), M ay-Ju ly  1987 ; f o r  
th e  fe n f lu ra m in e - t re a te d  group (FEN), J u n e -J u ly  1987; and f o r  the  
m a z in d o l- tre a te d  group (MAZ), June-Aug 1987. I t  i s  a ls o  o f in te r e s t  
t o  no te  th a t  th e  a n o re c t ic  drugs m a z in d o l, fe n f lu ra m in e  and 
amphetamine a l l  have th e  e f fe c t  o f  in c re a s in g  plasma f r e e  f a t t y  a c id  
c o n c e n tra tio n s  (see s e c t io n  1 .4 )  and so seasonal v a r ia t io n s  in  l i p i d  
m etabolism  may p o s s ib ly  a f fe c t  th e  a c t io n s  o f  these d rugs.
R le tv e ld  e t  a l  (1980) found a le v e l l i n g  o f f  o f th e  mean growth 
cu rve  o f r a ts  d u r in g  February and March, f o r  w h ich  no s y s te m a tic  
c o r r e la t io n  between fo o d  in ta k e  and in c re a se  in  body w e ig h t c o u ld  be 
dem onstra ted. They a ls o  found  seasonal f lu c tu a t io n s  in  fo o d  in ta k e  in  
r a ts  w ith  a decrease o c c u r r in g  d u r in g  midsunmer (A ugust) and maximal 
in ta k e  in  January and Feb rua ry . R e s u lts  o f  a s tudy  by Ikonanov and
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Stoynev (1982) a ls o  found d i s t in c t  seasonal v a r ia t io n s  in  fo o d  in ta k e  
in  r a ts ,  va lu e s  be ing  maximal in  autumn and w in te r  and m in im a l in  
s p r in g  and summer. Thus, seasonal a l te r a t io n s  in  fo o d  in ta k e  may a ls o  
have c o n tr ib u te d  to  th e  w ide range o f mean w e ig h t g a in  seen f o r  
groups o f d ie ta ry  obese r a ts  a f te r  s im i la r  tim e  p e rio d s  o f  re c e iv in g  
th e  v a r ie d  p a la ta b le  d ie t .  Comprehensive m o n ito r in g  o f  fo o d  in ta k e  o f 
th e  d ie ta ry  obese r a ts  th ro u g h o u t th e  ye a r w ou ld  be re q u ire d  to  
c l a r i f y  t h is  m a tte r .
4 .2  THE CHANGES OCCURRING IN BODY WEIGHT. BLOOD PRESSURE AND HEART 
RATE WITH TIME IN LEAN AND DIETARY OBESE RATS.
Unless o th e rw is e  s ta te d , th e  tim e  p e rio d s  g ive n  r e fe r  to  th e  
number o f weeks frcm  th e  s t a r t  o f th e  s tudy  d u r in g  w h ich  th e  group 
had re c e iv e d  la b o ra to ry  chow w ith  o r w ith o u t  th e  p a la ta b le  d ie t .
I t  has been c le a r ly  dem onstrated th a t  th e  d ie ta ry  obese r a ts  
e x h ib ite d  e le v a te d  b lood  p ressu res  compared w ith  age-matched le a n  
(chow -fed ) c o n t ro ls  (see Tab le  3 .1( iv )  and F ig .8 ) .  S evera l o f th e  
p o s s ib le  mechanisms o f o b e s ity -a s s o c ia te d  h y p e rte n s io n  a re  d iscussed  
below .
One mechanism is  t h a t  o v e rfe e d in g  causes an in c re a se  in  serum 
t r i io d o th y ro n in e  (T ^ ) (D a n fo rth  e t  a l ,  1 9 7 9 ). W illia m s  e t  a l  (1977) 
found , in  th e  r a t ,  th a t  T^ in c rea sed  p -a d re n e rg ic  re c e p to r  number and 
thus  co u ld  in c re a s e  th e  s e n s i t i v i t y  to  p re sso r mechanisms . T h is  has 
been suggested as a c o n t r ib u to r  to  th e  h y p e rte n s io n  w h ich  may be seen 
in  some o ve rw e ig h t p a t ie n ts .  The n e t a v a i l a b i l i t y  o f ca rboh yd ra te  
appears t o  be a c r i t i c a l  fa c to r  in  t h is  response s in ce  is o c a lo r ic  
re d u c t io n  o f ca rboh yd ra te  reduces serum T^ (D a n fo rth  e t  a l ,  1 9 7 9 ). 
T h is  mechanism assumes th a t  th e  obese h y p e rte n s iv e  o ve re a ts  o r  a t
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le a s t  consunes r e la t iv e ly  la rg e  q u a n t i t ie s  o f  ca rb o h yd ra te . The 
d ie ta ry  obese r a ts  in  th e  s tu d ie s  d e s c rib e d  he re  were indeed  
hype rp hag ic  and consisted more energy and ca rb o h yd ra te  th a n  th e  le a n  
chow -fed  c o n t ro ls .  T h e re fo re , t h is  proposed mechanism may p a r t i a l l y  
e x p la in  th e  in c rea se  in  b lood  p re s s u re  observed. Measurements o f 
plasma T^ in  obese r a ts  and in  le a n  c o n tro ls  w ou ld  be o f in te r e s t  in  
fu tu r e  w o rk , to  f u r th e r  in v e s t ig a te  t h is  p o s s ib i l i t y .
The e f fe c t  o f d ie ta ry  in ta k e  on sym p a th e tic  neu rona l a c t i v i t y  
p ro v id e s  ano the r p o s s ib le  mechanism f o r  th e  h y p e rte n s io n  a s s o c ia te d  
w ith  o b e s ity .  S tu d ie s  o f th e  a c t i v i t y  o f th e  sym pa the tic  nervous 
system in  human o b e s ity  have g e n e ra lly  shown o n ly  ve ry  s n a i l  
d if fe re n c e s  between le a n  and obese in d iv id u a ls .  James e t  a l  (1981) 
found s m a ll in c re a se s  in  sym p a th e tic  fu n c t io n  in  obese wanen compared 
to  le a n , however these d if fe re n c e s  were n o t s ig n i f ic a n t .  In  a s tudy  
o f h e a lth y  male s u b je c ts  (P e te rso n  e t  a l ,  198 8 ), dep ress ions  o f  bo th  
sym p a th e tic  and pa ra sym p a th e tic  a c t i v i t y  were found  t o  have a weak, 
b u t s ig n i f ic a n t  c o r r e la t io n  w ith  in c re a s in g  pe rcen tages o f  body f a t .  
These a p p a re n tly  c o n tra d ic to ry  f in d in g s  may be th e  r e s u l t  o f sex 
d if fe re n c e s  in  autoncm ic fu n c t io n  in  o b e s ity ,  w h ich may in  t u r n  be 
due to  th e  d i f f e r e n t  body f a t  d is t r ib u t io n  p a tte rn s  seen in  men and 
wanen (p re d o m in a n tly  upper body segment f a t  in  m ales and lo w e r body 
segnent f a t  in  fe m a le s ) . Hcwever, a lth o u g h  w e ig h t and percen tage o f 
body f a t  'p e r  se ' may n o t a lw ays c o r re la te  s ig n i f ic a n t l y  w ith  
sym pa the tic  a c t i v i t y ,  a l te r a t io n s  in  d ie ta ry  in ta k e , which can 
produce w e ig h t g a in  o r  lo s s ,  appear to  have much more c o n s is te n t  
e f fe c ts .  The e f fe c t  o f d ie ta r y  ca rb o h yd ra te , in  p a r t ic u la r ,  on 
sym pa the tic  neu rona l a c t i v i t y  has been th e  fo cu s  o f s e v e ra l s tu d ie s  
o f  o b e s ity - r e la te d  h y p e rte n s io n . U t i l i s i n g  te ch n iq u e s  to  measure th e
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tu rn o v e r  ra te  o f n o ra d re n a lin e  in  th e  h e a r t ,  f a s t in g  has been shewn 
to  suppress and o v e rfe e d in g  w ith  sucrose to  s t im u la te  th e  sym pa the tic  
nervous system in  r a ts  (Landsberg & Young, 198 1a ). S tu d ie s  in  th e  
spon taneous ly  h y p e rte n s iv e  r a t  have a ls o  dem onstra ted  th a t  f a s t in g  o r 
r e s t r i c t io n  o f  energy in ta k e  lo w e rs  b lood  p re s s u re  and t h a t  
o v e r fe e d in g  w ith  sucrose, bu t n o t w i th  f a t ,  in c re a se s  b lood  p re ssu re  
(Landsberg & Young, 1981a). T h is  l a t t e r  f in d in g  was c o n tra ry  to  th e  
r e s u l t s  o f  s e v e ra l o th e r s tu d ie s  in  norm otensive  an im a ls  and in  man, 
which have shown in c re a se s  in  b lood  p re ssu re  w ith  a h ig h  f a t  d ie t  
(see s e c t io n  1 .5 .7 a ) ) .  Obese p a t ie n ts  p laced  on a reduced 
c a rb o h yd ra te  in ta k e  shewed a f a l l  in  m e ta b o lic  r a te ,  a re d u c t io n  in  
th e  c a rd io v a s c u la r  In d ic e s  o f  sym pa the tic  a c t i v i t y  and a f a l l  in  
venous n o ra d re n a lin e  c o n c e n tra tio n s  (James e t  a l ,  1 98 1 ). These 
changes were n o t so e v id e n t i n  those  obese p a t ie n ts  who were a ls o  
h y p e rte n s iv e , which suggests t h a t  th e re  may be an a l t e r a t io n  in  th e  
c o n t ro l o f ca techo lam ine m etabo lism  in  obese h y p e rte n s iv e  p a t ie n ts .
Enhanced sym p a th e tic  nervous system a c t i v i t y  has been re p o r te d  
in  an im a ls  fe d  a v a r ie d  p a la ta b le  d ie t  (Young e t  a l ,  1 98 2 ), w h ile  in  
most o th e r  an im al models o f  o b e s ity ,  such as g e n e t ic a l ly  obese 
s t r a in s  and le s io n e d  an im a l models o f  o b e s ity ,  reduced sym p a th e tic  
a c t i v i t y  has been found  (B ra y , 1 98 7c). T h is  d i f fe re n c e  may occur 
because th e  d ie ta ry  obese r a ts  s t a r t  w ith  a norm al m etabolism  and 
become obese m a in ly  as a r e s u l t  o f hype rphag ia . There i s  u s u a lly  a 
marked in c re a se  in  both  t o t a l  energy and ca rb o h yd ra te  In ta k e  in  these  
r a ts  . However, g e n e t ic a l ly  obese, and some le s io n e d , an im a ls  have 
m e ta b o lic  d is tu rb a n c e s  b e fo re  th e  onse t o f o b e s ity ,  which may be 
r e f le c te d  in  a l te r a t io n s  in  sym pa the tic  neu rona l a c t i v i t y .  Thus th e  
hype rphag ia  and in c re a se d  ca rb o h yd ra te  in ta k e  o f th e  d ie ta ry  obese
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r a ts  i n  th e  s tu d ie s  de sc rib e d  he re  may be p a r t ly  re s p o n s ib le  f o r  th e  
s im u ltaneous e le v a t io n  o f h e a r t  r a te  and b lo o d  p re s s u re  seen. F u rth e r 
ev idence to  s u p p o rt t h is  th e o ry  in c lu d e s  th e  f a c t  th a t  a lth o u g h  body 
w e ig h t c o n tin u e d  t o  in c rea se  s te a d i ly  in  th e  d ie ta ry  obese r a ts  up to  
th e  end o f  th e  20 week s tudy  p e r io d , bo th  b lood  p re ssu re  and h e a r t  
r a te  peaked e a r l ie r  in  th e  s tudy ( a f t e r  6 to  10 weeks f o r  b lood  
p re s s u re  and a f t e r  10 weeks f o r  h e a r t  r a te )  and th e n  showed a sm a ll 
d e c lin e  between 10 and 20 weeks. Both t o t a l  energy In ta k e  and 
ca rb o h yd ra te  in ta k e  f e l l  by a p p ro x im a te ly  25% a f te r  8 weeks and t h is  
lo w e r in ta k e  was m a in ta in e d  t o  th e  end o f  th e  20 weeks o f  th e  s tu d y . 
The re d u c t io n  in  fo o d  in ta k e  o ccu rre d  a t  a p p ro x im a te ly  th e  same stage 
in  th e  s tudy  as th e  d e c lin e  in  h e a r t  r a te  and b lo o d  p re s s u re .
The weak c o r r e la t io n  between w e ig h t and b lo o d  p re ssu re  seen 
w i th in  th e  d ie ta r y  obese group a lo n e , and th e  s tro n g e r c o r r e la t io n  
seen w ith  bo th  le a n  and obese groups combined, co u ld  a ls o  be 
e x p la in e d , a t  le a s t  in  p a r t ,  by t h is  th e o ry . For a lth o u g h  sane o f th e  
d ie ta ry  obese r a t s  gained w e ig h t o n ly  a l i t t l e  f a s te r  th a n  th e  le a n  
c o n t ro ls ,  they  may have been consuming e q u a lly  la rg e  q u a n t i t ie s  o f 
ca rboh yd ra te  as th e  f a t t e r  members o f  th e  group, b u t due to  g re a te r  
energy e x p e n d itu re  (caused p o s s ib ly  by in c re a se d  p h y s ic a l a c t i v i t y  
a nd /o r an in c re a s e d  m e ta b o lic  ra te )  t h i s  may have re s u lte d  in  le s s  
w e ig h t g a in . I f  th e  sym pa the tic  a c t i v i t y  were a f fe c te d  by food  
in ta k e ,  ra th e r  th a n  by body w e ig h t 'p e r  se ' (a s  d iscussed  e a r l ie r  in  
t h is  s e c t io n )  th e n  th e  le a n e r d ie ta ry  obese r a t s  w ou ld  e x h ib i t  a 
s im i la r  in c re a se  in  sym p a th e tic  a c t i v i t y  as th e  f a t t e r  members o f th e  
group (and th u s  be expected t o  have s im i la r  in c re a s e s  in  h e a r t  ra te  
and b lood  p re s s u re ) . T h is  w ou ld , o f course , r e s u l t  in  a poor 
c o r re la t io n  o f  w e ig h t and b lo o d  p re ssu re  w i t h in  th e  group. However,
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I f  one assumes th a t  a l l  the  r a ts  In  th e  d ie ta r y  obese group a te  
la rg e r  q u a n t i t ie s  o f energy and c a rb o h yd ra te  than  th e  chcw -fed  group, 
and as a r e s u l t  o f t h is  were a ls o  h e a v ie r  (though  w ith  a w ide range 
o f w e ig h ts  w i th in  th e  groups) an enhancement o f sym p a th e tic  a c t i v i t y  
(a s  r e f le c te d  in  in c re a se d  h e a r t  r a te  and b lo o d  p re ssu re ) w ould be 
expected in  th e  d ie ta ry  obese group as a w ho le  compared w ith  th e  le a n  
c o n t ro ls .  T h is  w ou ld  r e s u l t  in  a g re a te r  c o r r e la t io n  between w e ig h t 
and b lood  p re ssu re  f o r  th e  two groups combined, as was seen in  th e  
expe rim e n ts  d e scrib ed  h e re .
E le va te d  c a rd ia c  o u tp u t has been found  in  th e  obese (A le xande r, 
1963; M e s s e r li e t  a l ,  198 1 ). However, a f te r  c o r re c t io n  o f  c a rd ia c  
o u tp u t v a lu e s  f o r  su rfa ce  a rea , th e  d if fe re n c e s  between le a n  and 
obese were no lo n g e r appa ren t. T h e re fo re , th e  c o n t r ib u t io n ,  i f  any, 
o f in c re a se d  c a rd ia c  o u tp u t to  th e  h y p e rte n s io n  a s s o c ia te d  w ith  
o b e s ity  is  u n c e r ta in .
A h y p o th e s is  l i n k in g  d ie t ,  o b e s ity ,  body f a t  d is t r ib u t io n ,  
in s u l in  and h y p e rte n s io n  was proposed by Landsberg (1 9 8 6 ). He
observed th a t  n o t a l l  obese persons were h y p e rte n s iv e  and th a t  
c a rd io v a s c u la r  d isease in  genera l and h y p e rte n s io n  in  p a r t ic u la r ,  a re  
a s s o c ia te d  w ith  f a t  a ccum u la tion  in  th e  abdomen and ches t (a n d ro id  o r 
upper body o b e s ity )  ra th e r  than  in  th e  g lu te a l and fe m o ra l re g io n s  
(g y n o id  o r  lc w e r body o b e s ity )  (Lap idus e t  a l ,  1984; La rsson  e t  a l ,  
1 9 8 4 ). In s u l in  le v e ls ,  both  basa l and in  response to  a g lucose 
c h a lle n g e , were h ig h e r  in  obese s u b je c ts  w ith  upper body o b e s ity ,  as 
compared w ith  those w ith  lc w e r body o b e s ity  (K issebah  e t  a l ,  1982;
K ro tk ie w s k i e t  a l ,  1 9 8 3 ). Thus, bo th  h y p e r in s u l inaem ia and
h y p e rte n s io n  segrega te  to g e th e r  in  th e  group o f obese s u b je c ts
c h a ra c te r is e d  a n th ro p o m e tr ic a lly  by an upper body f a t  d is t r ib u t io n .
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O ther re c e n t s tu d ie s  shew a c lo se  c o r r e la t io n  between h y p e rte n s io n  
and hype r in s u l inaem ia in  th e  same obese s u b je c ts  (Modan e t  a l ,  1985; 
M a n ic a rd i e t  a l ,  1 9 8 6 ). In  both an im a ls  and man, m oreover, evidence 
frcm  p h y s io lo g ic a l s tu d ie s  suggests t h a t  in s u l in  p red isposes  to  
h y p e rte n s io n  by s t im u la t in g  sod iun  re a b s o rp t io n  and by s t im u la t io n  o f 
th e  sym p a th e tic  nervous system . By a l t e r in g  th e  c a p a c ity  o f th e  
k idney to  e x c re te  sod iun , in s u l in  w ou ld  be expected t o  change th e  
' p re s s u re -n a t r iu re s is ' r e la t io n s h ip  so th a t  h ig h e r  re n a l (and hence 
a r t e r i a l )  p e r fu s io n  p ressu res  w ou ld  be necessary to  e x c re te  th e  same 
amount o f s a l t  (K o lanow sk i, 1 9 8 1 ). The h y p e rin s u lin a e ra ia  o f o b e s ity  
may, th e re fo re ,  be one im p o rta n t fa c to r  c o n t r ib u t in g  t o  th e  
'n a t r i u r e t i c  hand icap ' d is p la y e d  by h y p e rte n s iv e  p a t ie n ts ;  th e  
in h ib i t o r y  e f fe c t  o f in s u l in  on sodium e x c re t io n  w ou ld  mean th a t  
sod iun balance cou ld  be m a in ta in e d  o n ly  by an Inc re ase  in  b lood  
p re s s u re , once th e  re c ru itm e n t o f o th e r n a t r iu r e t ic  mechanisms was 
exhausted. In s u l in  has a ls o  been dem onstra ted to  in c re a se  sym pa the tic  
nervous system a c t i v i t y  (Landsberg  & Young, 1 9 8 5 ). The 
hyper in s u l inaem ia o f o b e s ity ,  th e re fo re ,  may s t im u la te  th e  
sym pa the tic  nervous system e x c e s s iv e ly . The n o ra d re n a lin e  re le a s e d  
frcm  th e  nerve te rm in a ls  in  th e  k id n e y , h e a r t  and b lood  v e s s e ls  w ou ld  
r a is e  b lood  p re ssu re  by enhancing sodium re a b s o rp t io n , in c re a s in g  
c a rd ia c  o u tp u t and in c re a s in g  p e r ip h e ra l re s is ta n c e  (Landsberg & 
Young 1981b). The a n t in a t r iu r e t i c  e f fe c ts  o f  bo th  ca techo lam ines and 
in s u l in  w ou ld  p re v e n t th e  k idney frcm  com pensating f o r  th e  e le v a te d  
b lood  p re ssu re  consequent to  sym pa the tic  s t im u la t io n  o f  th e  h e a r t  and 
v a s c u la tu re . The a c t io n s  o f  in s u l in  on th e  k idney and sym p a th e tic  
nervous system, th e re fo re ,  p ro v id e  a p o te n t ia l  e x p la n a tio n  f o r  th e  
e p id e m io lo g ic a l a s s o c ia t io n  o f h y p e rte n s io n  and hype r in s u l inaem ia
s e e n  I n  o b e s e  s u b j e c t s .
F u rth e r  In v e s t ig a t io n s  in  o u r own d ie ta ry  obese r a t  model f o r  
o b e s ity ,  which w ou ld  be o f in te r e s t ,  in c lu d e  th e  d e te rm in a tio n  o f  
plasma in s u l in .  le v e ls  and a ls o  plasma ca techo lam ine  le v e ls  (as  
m entioned  e a r l i e r ) .  The q u e s tio n  o f  body f a t  d is t r ib u t io n  in  th e  r a t  
has n o t been cons ide red  in  any o f th e  p u b lis h e d  s tu d ie s  o f  d ie ta r y  
o b e s ity  in  t h is  a n im a l. Whether th e re  a re  e q u iv a le n t ' g yn o id ' and 
' a n d ro id ' body f a t  d is t r ib u t io n  ty p e s  in  r a ts  and w hether o r n o t such 
subtypes w ou ld  have any m e ta b o lic  s ig n if ic a n c e ,  have y e t  to  be 
de te rm ined .
The r o le  o f s a l t  in ta k e  in  th e  h y p e rte n s io n  a s s o c ia te d  w i th  
o b e s ity  has been th e  s u b je c t o f some c o n tro v e rs y . Dahl (1972) gave a 
s im p le  and d i r e c t  e x p la n a tio n  f o r  th e  o b e s ity -b lo o d  p re s s u re  
c o r r e la t io n .  He f e l t  th a t  th e  obese a te  more th a n  th e  le a n , th e re fo re  
th e y  consulted more s a l t ,  and th e  p rox im a te  cause o f th e  In c re a se d  
b lo o d  p re s s u re  was in c re a s e d  s a l t  in ta k e .  A re p o r t  by Watson and 
L a n g fo rd  (1982) gave p a r t ia l  s u p p o rt to  t h is  th e o ry . W eight and 
u r in a ry  e x c re t io n  o f  a nun be r  o f e le c t r o ly te s  was found  t o  be 
c o r re la te d .  However, when da ta  was s u b je c te d  t o  s tepw ise  re g re s s io n , 
a weak, bu t s ig n i f ic a n t ,  e f fe c t  o f sodium rem ained. H iram atsu e t  a l  
(1981) proposed th a t  w i th  a h ig h  s a l t  In ta k e , as a r e s u l t  o f in ta k e  
o f la rg e  q u a n t i t ie s  o f  food  by th e  obese, a ld o s te ro n e /p la sm a  re n in  
a c t i v i t y  would be abn o rm a lly  e le v a te d  and w ou ld  c o n tr ib u te  to  
r e te n t io n  o f  s a l t  and w a te r, p rodu c ing  h y p e rte n s io n  th ro ugh  expanded 
e x t r a c e l lu la r  f l u i d  volum e. However, some re c e n t s tu d ie s  have f a i l e d  
to  su p p o rt t h is  h y p o th e s is . M u ja is  e t  a l  (1982) showed t h a t  
e xp re ss in g  b lo o d  volume i n  r e la t io n  t o  body s u rfa ce  a rea  e lim in a te d  
th e  d if fe re n c e s  between obese and nonr-obese s u b je c ts .  M e s s e r li e t  a l
(1981) found t h a t  th e  p re d ic te d  t o t a l  b lood  volume was s im i la r  in  
norm a l, m i ld ly  obese and obese p a t ie n ts ;  th e  r a t i o  between measured 
and p re d ic te d  b lood  volum e was a lm os t equal in  th e  th re e  groups, 
excep t i n  th e  le a n  p a t ie n ts  w ith  e s ta b lis h e d  h y p e rte n s io n  in  whcm 
volum e c o n tra c t io n  was seen. A s tu d y  by R e is in  and F ro h llc h  (1982) 
suggested th a t  o b e s ity  ra is e d  b lood  p re ssu re  d i r e c t ly ,  o r a t  le a s t  
t h a t  w e ig h t lo s s  d i r e c t ly  low ered b lood  p re s s u re  even i f  s a l t  in ta k e  
was h e ld  c o n s ta n t. Tuck e t  a l  (1981) a r r iv e d  a t  a s im i la r  c o n c lu s io n  
in  a s tudy  where th e  v e ry  obese were p u t on a v e ry  low c a lo r ie  in ta k e  
and one o f two le v e ls  o f  sodlixn in ta k e .  The f a l l  in  b lood  p re ssu re  
was p ro p o r t io n a l to  th e  w e ig h t lo s s  and th e  b lood  p re ssu re  f a l l  by 
th e  end o f  th e  s tu d y  p e r io d  was th e  same f o r  bo th  d ie ts ,  a ltho ugh  one 
c o n ta in e d  tw ic e  as much s a l t  as th e  o th e r .  Hcwever, bo th  d ie ts  
c o n ta in e d  le s s  sod iun  th a n  th e  d ie ts  th e  p a t ie n ts  were e a t in g  b e fo re  
th e  s tu d y .
There is  a c o n s id e ra b le  body o f evidence to  s u p p o rt th e  r o le  o f 
a h ig h  sodiun in ta k e  i n  th e  genesis and m aintenance o f h y p e rte n s io n  
in  a ' s a l t - s e n s i t i v e 1 subgroup o f th e  p o p u la tio n  (see s e c t io n  1 .5 ) ,  
even i f ,  as R e is in 's  s tudy  (1982) in d ic a te s ,  sodium r e s t r ic t io n  i s  
n o t e s s e n t ia l f o r  th e  h y p o te n s iv e  e f fe c t  o f w e ig h t re d u c t io n .  The 
d ie ta ry  obese r a ts  used in  th e  s tu d ie s  d e s c r ib e d  h e re  had g re a te r  
sodium in ta k e s  th a n  chcw -fed  c o n t r o ls .  T h is  may have been a 
c o n t r ib u to ry  fa c to r  i n  th e  e le v a te d  b lood  p re ssu re s  seen in  these  
r a ts .
In  summary, th e  e le v a t io n  o f b lood  p re s s u re  seen in  th e  d ie ta ry  
obese r a ts  in  th e  s tu d ie s  d e s c rib e d  h e re  may have been a s s o c ia te d  
w ith  a number o f fa c to r s .  F i r s t l y ,  i t  i s  l i k e l y  th a t  th e  in c re a se d  
w e ig h t 'p e r  se ' was in v o lv e d  in  th e  e le v a t io n  in  b lood  p re s s u re , in
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view  o f th e  v a s t a rra y  o f l i t e r a t u r e  in  w h ich  w e ig h t and b lood  
p re s s u re  have been shown to  be s t ro n g ly  a s s o c ia te d . The p o s s ib le  
mechanisms have no t been c o n c lu s iv e ly  e s ta b lis h e d . However, i t  may be 
th a t  th e  h y p e rin s u lin a e m ia  o f te n  found  in  o b e s ity  may be one fa c to r  
in v o lv e d .  D e te rm in a tio n  o f p lasna  I n s u l in  le v e ls  i n  th e  d ie ta ry  obese 
r a ts  w ou ld  be necessary to  d is c o v e r w hether o r n o t h y p e rin s u lin a e m ia  
was be in v o lv e d  in  th e  e le v a t io n  in  b lood  p re ssu re  seen. The g re a te r  
in ta k e  o f energy and ca rb o h yd ra te  by th e  d ie ta ry  obese r a ts  m ig h t 
a ls o  have p layed  a r o le  in  th e  e le v a t io n  o f both  b lood  p re ssu re  and 
h e a r t  r a te  seen by in d u c t io n  o f an in c re a se  in  sym p a th e tic  nervous 
system a c t i v i t y .  F u rth e r s tu d ie s  in v o lv in g  th e  d e te rm in a tio n  o f 
plasma le v e ls  o f  t r i io d o th y ro n in e  (T ^ ) and n o ra d re n a lin e  w ou ld  be 
necessary to  d e te c t any a l te r a t io n s  in  sym p a th e tic  a c t i v i t y  in  th e  
d ie ta r y  obese r a ts  and to  de term ine w hether e le v a te d  T^ le v e ls  were 
in v o lv e d  in  these  a l te r a t io n s .  U r in a ry  le v e ls  o f  th e  m a jo r 
m e ta b o lite s  o f n o ra d re n a lin e  w ou ld  a ls o  p ro v id e  v a lu a b le  in fo rm a tio n  
w ith  re s p e c t to  sym pa the tic  a c t i v i t y .  The h ig h e r  le v e l  o f sodium 
in ta k e  in  th e  d ie ta ry  obese r a ts  m ig h t a ls o  be a c o n t r ib u to ry  fa c to r  
in  th e  e le v a t io n  in  b lood  p re ssu re  seen.
4 .3 PLASMA SODIUM AND POTASSIUM LEVELS TOGETHER WITH THE INTAKE OF 
DIETARY SODIUM, POTASSIUM, CALCIUM AND VARIOUS NUTRIENTS IN 
LEAN ( CHOW-FED) AND DIETARY OBESE RATS.
A n a ly s is  o f  th e  n u t r ie n t  in ta k e  o f le a n  (ch cw -fe d ) and d ie ta ry  
obese (chow p lu s  p a la ta b le  d ie t )  r a ts  re v e a le d  th a t  th e  sodium in ta k e  
o f th e  d ie ta ry  obese r a ts  was between 350 and 500% th a t  o f th e  le a n  
c o n tro ls  (see s e c t io n  3 .1 .1 ) .  The in ta k e  o f potassium  in  th e  d ie ta ry  
obese r a ts ,  however, was a p p ro x im a te ly  h a l f  t h a t  o f th e  le a n
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c o n t ro ls .  Evidence f o r  th e  h y p e rte n s iv e  e f fe c t  o f d ie ta ry  sodiun and 
f o r  th e  p ro te c t iv e  or h yp o te n s iv e  e f fe c t  o f  d ie ta ry  potassium  was 
d iscussed  e a r l ie r  in  s e c t io n  1 .5 .  Thus, frcm  th e  balance o f th e  two 
e le c t r o ly te s  in  th e  d ie t  o f the  r a t s  consuming th e  p a la ta b le  fo o d s , 
i t  w ou ld  appear th a t  these an im a ls  m ig h t be p red isposed  t o  e le v a t io n  
in  b lood  p re ssu re . An e a r l ie r  s tu d y , u s in g  t h is  p a r t ic u la r  p a la ta b le  
d ie t  (K irb y ,  1984), showed th a t  supp lem enting  th e  s a l t  in ta k e  o f 
th e  chow -fed r a ts ,  to  g iv e  a s im i la r  le v e l  to  t h a t  o f th e  d ie ta ry  
obese r a ts  (by g iv in g  1% s a lin e  in  p lace  o f d r in k in g  w a te r ) ,  produced 
an i n i t i a l  r is e  in  b lood  p re ssu re  d u r in g  th e  f i r s t  one to  two weeks 
o f  th e  s tu d y , comparable to  th a t  seen in  th e  d ie ta ry  obese group. The 
b lood  p re ssu re  th e n  f e l l  to  a p p ro x im a te ly  th e  same le v e l  as th e  le a n  
c o n t ro ls  (g iv e n  p la in  w a te r ) .  I t  was suggested th a t  th e  i n i t i a l  r is e  
i n  b lood  p re ssu re  seen in  th e  d ie ta ry  obese r a ts  was due to  th e  
in c re a se  in  s a l t ,  bu t th a t  th e  s u s ta in e d  r is e  was due to  th e
d e ve lo p in g  o b e s ity  in  these a n im a ls . In  th e  l i g h t  o f th e  lew
potassium  in ta k e , i t  seems th a t  potassium  may a ls o  p la y  a r o le  in  th e
e le v a t io n  in  b lood  p re ssu re  seen in  th e  d ie ta ry  obese r a ts .  Another
method o f  d is t in g u is h in g  th e  w e ig h t e f fe c t  frcm  th e  s a l t  e f fe c t  in  
these d ie ta ry  obese r a ts  w ou ld  be to  p ro v id e  a 'le w  s a l t '  p a la ta b le  
d ie t .  Id e a l ly ,  such a d ie t  w ou ld  p ro v id e  s im i la r  p ro p o r t io n s  o f 
n u t r ie n ts  t o  those o f th e  normal p a la ta b le  d ie t  (see Appendix 1) in  
a l l  re sp e c ts  excep t f o r  th e  sodium c o n te n t. Such a d ie t  c o u ld  be as 
f o l lc w s :  f i r s t l y  re p la c in g  th e  R ice  K r is p ie s  ( ll lO m g  sodium per lOOg) 
w ith  P u ffed  Wheat (4mg pe r lO O g); th e  d ig e s t iv e  b is c u i t s  (440mg per 
lOOg) w ith  cream w a fe r b is c u i t s  (70mg pe r lO O g); th e  ch o co la te  (118mg 
per lOOg) would rem a in  unchanged and th e  luncheon meat (1050mg per 
lOOg) would be re p la c e d  w ith  egg cooked w ith  la r d  and w a te r (140mg
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per lO O g,va lue  f o r  w hole  e g g ). The p ro p o r t io n s  o f  o th e r n u t r ie n ts  in  
th e  d ie t  a p a r t  frcm  sodium w ou ld  be v i r t u a l l y  unchanged ( in c lu d in g  
po tass ium  and c a lc iu m ) . A p i l o t  s tudy  w ould , o f course , be re q u ire d  
to  e s ta b l is h  th a t  th e  r a ts  found  th e  d ie t  p a la ta b le  enoucfli to  o v e re a t 
and become obese.
Plasma sodiun c o n c e n tra tio n s  were de term ined a t  1 , 2 , 3 ,  4 , 8 , 
and 20 weeks in  le a n  and d ie ta ry  obese and a ls o  in  a group o f  r a ts  
w h ich  had re c e iv e d  th e  p a la ta b le  d ie t  f o r  4 weeks b e fo re  h a v in g  i t  
w ith d ra w n  f o r  4 weeks (see s e c t io n  3 .4  fo r  r e s u l t s ) .  S tandard v a lu e s  
f o r  th e  c o n c e n tra t io n s  o f sodiun and potassium  in  th e  r a t  a re  13 5mM 
f o r  Na+ and 4.9mM f o r  K+ (W a yn fo rth , 1 9 8 0 ). The v a lu e s  f o r  th e  r a ts  
used in  these  s tu d ie s  w ere a l i t t l e  h ig h e r  th a n  average, though n o t 
a b n o rm a lly  so. The plasma sodium c o n c e n tra tio n s  were h ig h e r  i n  th e  
d ie ta ry  obese r a ts  th a n  le a n  r a ts  a f t e r  2 weeks, th e n  th e  v a lu e s  f e l l  
to  lc w e r th a n  le a n  f o r  th e  nex t 2 weeks, p o s s ib ly  as th e  r e s u l t  o f  a 
compensatory mechanism. I t  i s  o f  in te r e s t  to  no te  th a t  th e  r is e  in  
b lood  p re ssu re  observed in  th e  le a n  r a ts  g ive n  1% s a lin e  in  p la ce  o f 
d r in k in g  w a te r i n  th e  s tu d y  by K irb y  (1 9 8 4 ), occu rre d  a f te r  one week 
o f  tre a tm e n t bu t by two weeks i t  had f a l l e n  back to  a s im i la r  le v e l  
to  t h a t  seen in  th e  le a n  n o n -sa lt-su p p le m e n te d  r a ts .  I t  i s  p o s s ib le  
th a t  a s im i la r  com pensatory mechanism was a ls o  re s p o n s ib le  f o r  t h is  
phenomenon. A f te r  8 weeks th e  plasma sod iun le v e ls  were s im i la r  f o r  
le a n  and obese groups, bu t by 20 weeks, th e  v a lu e  f o r  th e  d ie ta ry
obese r a ts  was a g a in  h ig h e r  than  f o r  le a n . Thus, i t  may be th a t  any
compensatory mechanisms can be overcome w ith  p ro longed  in ta k e  o f 
la rg e  q u a n t i t ie s  o f  sodium, or th a t  th e  d e ve lo p in g  o b e s ity  may 
In tro d u c e  ano the r f a c to r  w h ich  th e  compensatory mechanisms can n o t
overcome. When th e  mean plasma sodium c o n c e n tra t io n  o f  th e  'd i e t
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w ith d ra w n ' r a ts  was compared w ith  th e  v a lu e s  f o r  le a n  and obese r a ts  
a t  8 weeks th e re  were no s ig n i f ic a n t  d if fe re n c e s  between th e  th re e  
v a lu e s .
C o n s id e rin g  th e  plasma potassium  c o n c e n tra t io n s : these  v a lu e s
were s im i la r  in  th e  le a n  and obese r a t s  a t  4 and 8 weeks, w h ile  a t  20 
weeks th e  mean v a lu e  f o r  th e  obese r a ts  was h ig h e r  than  f o r  th e  le a n . 
T h is  i s  s u rp r is in g  when one co n s id e rs  t h a t  th e  potassium  in ta k e  o f 
th e  d ie ta ry  obese r a ts  was o n ly  a p p ro x im a te ly  50% o f  th a t  o f th e  le a n  
r a ts .
I t  was no ted  th a t  b lood  samples frcm  th e  d ie ta ry  obese r a ts  were 
more s u s c e p tib le  to  haem o lys is  th a n  those  frcm  th e  le a n  a n im a ls . 
A lthough  a l l  the  samples were t re a te d  in  an id e n t ic a l  manner (see 
s e c t io n  2 .3 ) ,  the  plasma samples o b ta in e d  frcm  th e  d ie ta ry  obese r a ts  
were o f te n  o ra n g e -re d  in  c o lo u r  (norm al samples b e in g  
s tra w -c o lo u re d ) . I f  haem olys is  had o c c u rre d , th e  read ings  o b ta in e d  
f o r  potassium  (K+ ) c o n c e n tra t io n  w ou ld  be f a ls e ly  e le v a te d  due to  th e  
le a k in g  o u t o f potassium  frcm  th e  e ry th ro c y te s , as th e  in t r a c e l lu la r  
potassium  c o n c e n tra t io n  i s  h ig h e r  than  th a t  in  th e  e x t r a c e l lu la r  
f l u i d  (D av is  e t  a l ,  1 9 8 5 ). Thus, va lu e s  f o r  potassium  c o n c e n tra t io n  
o f haemolysed samples were excluded frcm  any c a lc u la t io n s .  A lte re d  
p ro p e r t ie s  o f th e  e ry th ro c y te  membrane i n  obese c h i ld re n  have been 
re p o r te d  by C ia n c a re l l i -T o z z i e t  a l (1 9 8 7 ). An in v e s t ig a t io n  o f  th e  
p ro p e r t ie s  o f th e  e ry th ro c y te s  frcm  le a n  and obese r a ts  m ig h t be o f 
in te r e s t  i n  f u r th e r  s tu d ie s .  Measurements o f  th e  u r in a ry  e x c re t io n  o f  
sodiun and potassium  m ig h t a ls o  y ie ld  u s e fu l in fo rm a tio n  about th e  
h a n d lin g  o f  these e le c t r o ly te s  in  le a n  and d ie ta ry  obese r a ts .
The c a lc iu n  in ta k e  o f th e  d ie ta ry  obese r a ts  was found  t o  be 
o n ly  20-30% th a t  o f th e  le a n  chow -fed c o n t ro ls  (see s e c t io n  3 .1 .1 ) .  A
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r e la t iv e  o r a b so lu te  d e f ic ie n c y  o f ca lc ium  has been shown t o  be 
p re s e n t I n  some cases o f hunan h y p e rte n s io n  (see s e c t io n  1 .5 .6 b ) ) ,  
a lth o u g h , as w ith  sodium, th e re  seems to  be c o n s id e ra b le  
h e te ro g e n e ity  in  th e  b lood  p re s s u re  response to  ca lc iu m . However, i t
I s  p o s s ib le  th a t  th e  low  ca lc ium  co n te n t o f th e  d ie t  may have
c o n tr ib u te d  to  th e  e le v a t io n  in  b lood  p re s s u re  seen in  th e  d ie ta ry  
obese r a t s .  In  fu tu r e  s tu d ie s , i t  w ou ld  be in te r e s t in g  to  m o n ito r  th e  
c o n c e n tra t io n s  o f ca lc ium  in  th e  plasma and u r in e  frcm  le a n  and 
d ie ta r y  obese r a ts .
The in ta k e  o f f a t  by th e  d ie ta ry  obese r a ts  ranged frcm
a p p ro x im a te ly  400-670% th a t  o f th e  le a n  chcw -fed  c o n t ro ls .  The 
la b o ra to ry  chow p e l le ts  had a v e ry  low f a t  c o n te n t o f o n ly  2 .4% and 
th e re fo re  a lth o u g h  th e  most p re fe r re d  item  o f th e  p a la ta b le  d ie t  o n ly  
had a f a t  c o n te n t o f 2%, th e  c o n t r ib u t io n  o f  f a t  frcm  th e  o th e r  
ite m s  ( d ig e s t iv e  b is c u i t s ,  20.5% f a t ;  luncheon meat 26.9% f a t  and
c h o c o la te , 29.3% f a t )  re s u lte d  in  a c o n s id e ra b le  in c re a se  in  t o t a l  
f a t  in ta k e .  A fa t - e n r ic h e d  d ie t  has been shewn t o  cause in c re a s e s  in  
b lood  p re ssu re  in  r a b b its  (B u rs ty n  & Husbands, 1980) and a re d u c t io n  
in  s a tu ra te d  f a t  in ta k e  has been shown t o  reduce b lood  p re ssu re  in  
man, w ith  a rebound in c re a se  in  b lood  p re s s u re  o c c u r r in g  when th e  
s a tu ra te d  f a t  in ta k e  was re s to re d  t o  p r e - in te r v e n t io n  v a lu e s  (Ia co n o , 
Dougherty & Puska, 1 98 6 ). In  a d d it io n ,  a s tudy  by S m ith -B arba ra  e t  a l  
(1980) shewed th a t  the  e le v a t io n  in  b lood  p re ssu re  in  Sprague-Dawley 
r a ts ,  caused by a h ig h - s a l t  d ie t ,  was most marked when th e  d ie t  was 
a ls o  h ig h  in  s a tu ra te d  f a t  co n te n t (see s e c t io n  1 .5 .7 a )  f o r  a f u l l e r  
d is c u s s io n  o f  th e  r o le  o f f a t  in  h y p e r te n s io n ) . As s a tu ra te d  f a t t y  
ac ids  accounted f o r  a p p ro x im a te ly  50% o f  th e  f a t t y  a c id  c o n te n t o f 
the  p a la ta b le  fo o d  item s (see Appendix 2 ) ,  t h is  e le v a t io n  in
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s a tu ra te d  f a t  in ta k e  may a ls o  have c o n tr ib u te d  t o  th e  h ig h e r  b lood  
p re s s u re  le v e ls  seen in  th e  d ie ta ry  obese r a ts .
The d ie ta ry  f ib r e  in ta k e  o f th e  d ie ta ry  obese r a ts  was s l i g h t l y  
h ig h e r th a n  th a t  o f th e  le a n , chow -fed c o n t ro ls  (116-181% ). There is  
ev idence  th a t  a h ig h  f i b r e  d ie t  may o f fe r  p ro te c t io n  a g a in s t th e  
h y p e rte n s iv e  e f fe c t  o f a h ig h  f a t  d ie t  (see s e c t io n  1 .5 .7 a )  ) ,  though 
i t  i s  n o t p o s s ib le  to  de te rm ine  i f  t h is  was th e  case in  t h is  d ie ta ry  
obese an im a l model.
The ca rbohyd ra te  in ta k e  o f th e  d ie ta ry  obese r a ts  was a ls o  
s l i g h t l y  h ig h e r than  th a t  o f th e  le a n  c o n t ro ls .  A h ig h  in ta k e  o f 
ca rboh yd ra te  has been shown to  produce an in c re a se  in  b lood  p re ssu re  
in  man (A f fa ra h  e t  a l ,  1986) and th e re fo re ,  t h is  fa c to r  may have been 
c o n t r ib u to ry  to  th e  e le v a t io n  in  b lood  p re s s u re  seen in  th e  d ie ta ry  
obese r a t s .  The p r o te in  in ta k e  o f the  d ie ta ry  obese r a ts  was lo w e r 
th a n  t h a t  o f th e  le a n  c o n t ro ls  (a p p ro x im a te ly  60% le a n  v a lu e ) ,  though 
i t  i s  u n c le a r w hat e f fe c ts ,  i f  any, t h is  m ig h t have on c a rd io v a s c u la r  
perform ance.
W ater in ta k e  was a lw ays g re a te r  in  th e  d ie ta ry  obese r a ts  th a n  
in  th e  le a n , p ro b a b ly  p a r t ly  as a r e s u l t  o f the  g re a te r  s a l t  In ta k e  
in  th e  d ie ta ry  obese a n im a ls .
4 .4 INTERPRETATION OF THE CHANGES IN * IN VITRO' RESPONSES OF
CARDIOVASCULAR TISSUES FROM LEAN AND DIETARY OBESE RATS.
The is o la te d  p e rfu s e d  h e a r t  and m e s e n te r ic  v a s c u la r  bed 
p re p a ra t io n s  were used f o r  th e  m a jo r i ty  o f th e  s tu d ie s , w h ile  th e  
a o r t ic  s p i r a l  s t r i p  was used f o r  one s tu d y .
C o n s id e rin g  f i r s t  th e  is o la te d  p e rfu s e d  m e se n te ric  bed: 
adherence to  a r i g i d  t im e  schedule  was e s s e n t ia l fo r  s tu d ie s  u s in g
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t h is  p re p a ra t io n  because i t  tended to  become oedematous a f te r  se ve ra l 
hou rs  o f  p e r fu s io n  w ith  K re b 's  s o lu t io n  and a ls o  because th e  
s e n s i t i v i t y  to  many drugs appeared to  a l t e r  a f te r  th e  p re p a ra t io n  had 
been s e t up f o r  a p p ro x im a te ly  th re e  h o u rs .
The maximal responses e l i c i t e d  by th e  two v a s o c o n s tr ic to r  agents 
n o ra d re n a lin e  and 5-HT were s ig n i f ic a n t l y  g re a te r  f o r  p re p a ra t io n s  
frcm  d ie ta ry  obese r a ts  th a n  f o r  those frcm  le a n  c o n t ro ls .  T h is  was 
t ru e  f o r  responses t o  5-HT a f te r  4 and 15 weeks and f o r  responses to  
n o ra d re n a lin e  a f te r  8 , 10 and 20 weeks. The s e n s i t i v i t y  o f th e  
m e s e n te r ic  bed t o  5-HT frcm  obese r a t s  a t  4 an 15 weeks was g re a te r 
th a n  t h a t  o f t is s u e s  frcm  le a n  age-m atched c o n t ro ls  (as  r e f le c te d  in  
a lc w e r ED_. fo r  t is s u e s  frcm  obese r a t s ) .  In  h y p e rte n s io n  th e  
respons iveness  o f th e  b lood  v e s s e l w a l l  to  many v a s o c o n s tr ic to rs  is  
in c re a se d  (Webb, 1 9 8 4 ). One fa c to r  w h ich  may c o n tr ib u te  to  t h is  
enhanced r e a c t iv i t y  is  th e  s t r u c tu r a l  cha n g e (s ), r e s u l t in g  in  an 
in c re a se d  w a ll: lu m e n  r a t i o  o f  th e  v e s s e l (V a n h o u tte , 1 9 8 6 ). In  
spon taneous ly  h y p e rte n s iv e  r a ts  an in c re a s e d  q u a n t i ty  o f smooth 
m uscle has been shown t o  occur i n  v a r io u s  v a s c u la r  s t ru c tu re s ,  
in c lu d in g  th e  m e s e n te r ic  bed (Mulvany e t  a l ,  1 9 7 8 ). F u rth e r w o rk  has 
suggested t h a t  the  in c re a s e  in  smooth m uscle  deve lops la t e r  in  l i f e ,  
p o s s ib ly  as a r e s u l t  o f  th e  e le v a te d  b lood  p re s s u re  (M ulvany, 1 9 8 4 ). 
H w e v e r, o th e r w o rke rs  u s in g  spon taneous ly  h y p e rte n s iv e  r a ts  have 
shewn in c re a se s  in  smooth m uscle in  th e  m e s e n te r ic  v a s c u la r  bed even 
a t  th e  p re h y p e rte n s iv e  phase (Lee, 1 9 8 5 ). As th e  d ie ta ry  obese r a ts  
in  th e  s tu d ie s  d e s c r ib e d  he re  e x h ib ite d  an e le v a t io n  in  b lood  
p re ssu re , i t  i s  p o s s ib le  th a t  th e  in c re a se  in  maximum responses seen 
t o  both n o ra d re n a lin e  and 5-HT in  th e  m e s e n te r ic  beds frcm  these r a ts  
was due, a t  le a s t  in  p a r t ,  to  a g re a te r  q u a n t i ty  o f v a s c u la r  smooth
m uscle. I t  has been observed th a t  a h ig h  potassium  In ta k e  m arked ly  
reduced m e se n te ric  a r t e r io la r  h y p e rtro p h y  In  s tro k e -p ro n e  
spon taneous ly  h y p e rte n s iv e  r a ts ,  w ith o u t a s ig n i f ic a n t  re d u c t io n  in  
b lo o d  p re s s u re  (T ob ian  e t  a l ,  1 9 8 6 ). T h e re fo re , d ie ta ry  fa c to r s  may 
have been in v o lv e d  in  any s t r u c tu r a l  changes w h ich  o ccu rre d  in  th e  
b lo o d  v e s s e l w a lls  o f  th e  d ie ta ry  obese r a t s  ( t h e i r  d ie t  b e in g  
r e la t i v e ly  lew in  potassium  ) . In  fu tu r e  s tu d ie s , h is to lo g ic a l  
in v e s t ig a t io n s  o f  th e  b lood  v e s s e ls  frcm  th e  le a n  and d ie ta ry  obese 
r a ts  c o u ld  y ie ld  u s e fu l in fo rm a tio n  about any p o s s ib le  s t r u c tu r a l  
d if fe re n c e s .
McGregor and Sm irk  (197 0) s tu d ie d  th e  m e s e n te r ic  v a s c u la tu re  
frcm  r a ts  w ith  v a r io u s  fo rm s o f  h y p e rte n s io n . They found th a t  th e  
th re s h o ld  f o r  th e  d i r e c t  v a s o c o n s tr ic to r  e f fe c t  o f 5-HT was lc w e r ,  
th e  dose-response cu rve  s te e p e r and th e  maximal response g re a te r th a n  
th e  v a lu e s  o b ta in e d  f o r  t is s u e s  f ra n  norm otens ive  r a ts .  Vanhoutte  
(1986) suggested t h a t  th e  c e l lu la r  mechanisms u n d e r ly in g  th e  
in c re a se d  s e n s i t i v i t y  to  5-HT p ro b a b ly  do n o t in v o lv e  an in c re a s e d  
a f f i n i t y  o f s e ro to n in e rg lc  re c e p to rs  f o r  5-HT, s in ce  th e  in h ib i t o r y  
p o te n c ie s  o f  s e ro to n in e rg lc  a n ta g o n is ts , such as k e ta n s e r in  and 
m ethyserg ide  were com parable in  b lood  v e s s e ls  frcm  norm otensive  and 
h y p e rte n s iv e  r a ts .  A p o s s ib le  e x p la n a tio n  f o r  th e  in c re a se d  response 
to  5-HT is  a g re a te r  m o b i l iz a t io n  o f  ca lc ium  frcm  in t r a c e l lu la r  
s to re s  (Webb & V anhou tte , 1 9 8 5 ). T h is  p o s s ib i l i t y  is  o f  in te r e s t  when 
c o n s id e r in g  th e  m e s e n te r ic  v a s c u la tu re  frcm  th e  d ie ta ry  obese r a ts  
used in  these  s tu d ie s , as these  p re p a ra tio n s  a ls o  show an in c re a se d  
response to  ra is e d  c a lc iu m  c o n c e n tra tio n s  in  th e  p e r fu s a te . The 
s e n s i t i v i t y  o f th e  m e s e n te r ic  v a s c u la tu re  frcm  d ie ta ry  obese r a ts  t o  
in c re a se d  c o n c e n tra t io n s  o f  ca lc ium  and potassium  in  th e  K re b 's
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s o lu t io n  (as  r e f le c te d  in  h ig h e r  peak p la te a u  p ressu res  w ith  bo th  
*65mM potassium  K re b 's ' and '65mM potassium  p lu s  3mM ca lc ium  Kreb' s ' 
and a more ra p id  a tta in m e n t o f  maximum p re ssu re  p la te a u  w ith  th e  
'65mM p o ta s s iu n  p lu s  3mM ca lc ium  K re b 's ')  was g re a te r  th a n  f o r  
t is s u e s  f r a n  age-matched le a n  c o n t ro ls  a f t e r  8 weeks. No s ig n i f ic a n t  
d if fe re n c e s  were seen a f te r  4 weeks, th e re fo re  i t  appears t h a t  t h is  
in c re a se d  s e n s i t i v i t y  seen in  th e  t is s u e s  f ra n  d ie ta ry  obese r a ts  may 
take  tim e  to  deve lop . Inc reased  ca lc ium  s e n s i t i v i t y  o f m e s e n te r ic  
v e s s e ls  frcm  spontaneously h y p e rte n s iv e  r a ts ,  compared w ith  those  
frcm  W is ta r -  Kyoto r a ts  (n o rm o ten s ive ) has been shown by Mulvany 
(1 9 8 4 ). The reason f o r  t h is  d i f fe re n c e  i s  unknown a t  p re s e n t.
There were no s ig n i f ic a n t  d if fe re n c e s  between th e  responses o f  
th e  is o la te d  m e se n te ric  v a s c u la tu re  taken  frcm  le a n  and d ie ta ry  obese 
r a ts  t o  p e r fu s io n  w ith  p h e n y le p h rin e  o r to  th e  subsequent doses o f  
a c e ty lc h o lin e .  However, a t im e - re la te d  in c re a s e  in  s e n s i t i v i t y  to  th e  
c o n t r a c t i le  e f fe c t  o f p h e n y le p h rin e  was observed in  t is s u e s  frcm  bo th  
le a n  and d ie ta ry  obese r a ts .
S econdly, c o n s id e r in g  th e  responses o f  is o la te d  p e rfu s e d  h e a r ts  
f ra n  le a n  and d ie ta ry  obese r a t s :  th e re  were no s ig n i f ic a n t
d if fe re n c e s  between th e  mean b a s e lin e  b e a tin g  ra te s  o f  h e a rts  f r a n  
le a n  and d ie ta ry  obese r a ts  a f t e r  4 o r 8 weeks. T h is  was in  c o n tra s t  
to  th e  fa s te r  ' in  v iv o ' h e a r t  r a te s  seen in  obese r a ts  compared w ith  
le a n . I t  appears th a t  th e  in o t r o p ic  e f f e c t  o f n o ra d re n a lin e  i s  
enhanced in  h e a r ts  frcm  obese r a t s  compared w ith  those frcm  le a n  (see 
s e c t io n  3 . 1 . 5 ) , w h ile  th e  c h ro n o tro p ic  and a rrh y thm og en ic  e f fe c ts  o f  
th e  drug  a re  s im i la r  f o r  h e a r ts  frcm  both  groups.
C o n s id e rin g  th e  e f fe c ts  o f  a c e ty lc h o lin e  in  th e  is o la te d  
p e rfu s e d  h e a r t :  bo th  th e  d u ra t io n  o f c a rd ia c  a r re s t  and th e  re c o v e ry
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t im e  In c re a se d  w ith  tim e  to  a g re a te r  e x te n t In  h e a r ts  frcm  obese 
r a ts  th a n  I n  those frcm  le a n  c o n t ro ls ,  th e  responses to  a c e ty lc h o lin e  
In  h e a r ts  frcm  th e  l a t t e r  group show ing l i t t l e  change w ith  tim e . 
Thus, w h ile  th e  re cove ry  tim e  f o r  th e  h e a r ts  frcm  obese r a ts  was 
s h o r te r  than  f o r  h e a rts  frcm  le a n  c o n tro ls  a f t e r  4 weeks, th e  h e a r ts  
frcm  le a n  r a ts  showed th e  s h o r te r  re co ve ry  tim e  a f te r  8 weeks.
T h ir d ly ,  th e  s in g le  s tudy o f th e  response o f a o r t ic  s p i r a l  
s t r ip s  frcm  le a n  and d ie ta ry  obese r a ts  t o  n o ra d re n a lin e  showed a 
r e la t iv e  in s e n s i t i v i t y  o f t is s u e s  frcm  th e  d ie ta ry  obese r a ts .  
Hcwever, s tu d ie s  u s in g  t h is  p re p a ra t io n  were n o t co n tin u e d  f o r  th e  
reasons s ta te d  e a r l ie r  (see s e c t io n  1 .7 .1 c )  ) .
In  fu tu r e  s tu d ie s , a n a ly s is  o f  plasma le v e ls  o f  th e  
ca techo lam ines n o ra d re n a lin e  and a d re n a lin e  w ou ld  be c a r r ie d  o u t ,  as 
th e  r e s u l t s  m ig h t be o f h e lp  in  th e  in te r p r e ta t io n  o f  th e  data  
o b ta in e d  frcm  th e  ' i n  v i t r o '  p re p a ra t io n s .
4 .5  THE EFFECTS OF TREATMENT WITH SELECTED ANORECTIC DRUGS OR 
WITHDRAWAL OF THE PALATABLE DIET IN DIETARY OBESE RATS TOGETHER 
WITH CONSIDERATIONS NEEDED WHEN CHOOSING DRUG TREATMENT FOR 
OBESITY IN MAN.
The drugs chosen were amphetamine, fe n f lu ra m in e  and m a z in d o l. 
The reasons f o r  choosing  these  p a r t ic u la r  drugs and t h e i r  
pha rm aco log ica l a c tio n s  have been d iscussed  e a r l ie r  (see s e c t io n  
1 .4 ) .  The aims o f  t h is  p a r t  o f th e  w ork were : f i r s t l y ,  to  m o n ito r 
any changes in  w e ig h t, b lood  p re ssu re  and h e a r t  r a te  o c c u r r in g  in  
p re v io u s ly  obese r a ts  fo l lc w in g  w ith d ra w a l o f th e  p a la ta b le  d ie t .  The 
is o la te d  p e rfu s e d  h e a r t  and m e s e n te r ic  v a s c u la tu re  were s tu d ie d  in  
o rd e r to  id e n t i f y  s p e c i f ic  areas o f the  c a rd io v a s c u la r  system where
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changes m ig h t have o ccu rred . The ' i n  v iv o ' and ' i n  v i t r o '  va lu e s  were 
compared w i th  those o f age-matched le a n  (chow -fed  f o r  w hole  s tudy ) 
and d ie ta r y  obese (chew p lu s  p a la ta b le  d ie t  f o r  w hole  s tudy ) r a t s .  
Second ly , th e  e f fe c ts  o f th e  th re e  a n o re c t ic  drugs were s tu d ie d  in  
obese r a ts  s t i l l  re c e iv in g  th e  p a la ta b le  d ie t  and th e  v a lu e s  compared 
w i th  those o f th e  th re e  groups m entioned above ( le a n , obese and d ie t  
w ith d ra w n ) . The a n o re c t ic  po tency o f th e  drugs has been w e l l  
e s ta b lis h e d  (see s e c t io n  1 .4 )  and T ab le  3 . 2 ( i i i )  shows th e  e f f ic a c y  
w ith  w h ich  th e y  reduced fo o d  in ta k e  in  t h is  s tu d y .
Body w e ig h t g a in  d u r in g  th e  f i r s t  4 weeks o f  th e  s tu d y , when a l l  
groups (e xce p t le a n  c o n t ro ls )  re c e iv e d  th e  p a la ta b le  d ie t ,  was 
e x tre m e ly  v a r ia b le  (see Tab le  3 . 2 ( v ) ) .  A p o s s ib le  mechanism f o r  t h is  
c o u ld  be a seasonal e f f e c t ( s ) ,  which was d iscussed  e a r l ie r  (see 
s e c t io n  4 . 1 ) .  Mean w e ig h t lo s s  d u r in g  th e  second 4 weeks o f  th e  s tudy 
was s im i la r  f o r  th e  am phe tam ine-trea ted  group (AMIH) and th e  'd i e t  
w ith d ra w n ' group (WD) . The mean w e ig h t lo s s  f o r  bo th  th e  
fe n f lu ra m in e - t re a te d  group (FEN) and m a z in d o l- tre a te d  (MAZ) group 
were s m a lle r  (see Tab le  3 . 2 ( v ) ) .  There was a w ide  v a r ia t io n  in  th e  
w e ig h t lo s t  w i th  m azindo l and amphetamine. In  c o n tra s t,  w e ig h t lo s s  
w ith  fe n f lu ra m in e  tre a tm e n t showed much le s s  v a r ia t io n .
D u rin g  th e  f i r s t  4 weeks o f  th e  s tudy , th e  r is e  in  s y s to l ic  
b lo o d  p re ssu re  was g re a te r  in  a l l  th e  groups re c e iv in g  th e  p a la ta b le  
d ie t  th a n  in  chcw -fed  c o n t ro ls  (see T ab le  3 . 2 ( v i i ) ) .  Severa l p o s s ib le  
mechanisms f o r  t h is  g re a te r  in c re a s e  in  b lood  p re ssu re  o c c u r r in g  in  
th e  d ie ta ry  obese r a ts  have been d iscussed  in  s e c t io n  4 .2 .  The 
changes in  b lood  p re ssu re  d u r in g  th e  second 4 weeks o f th e  s tu d y , 
expressed as 'mmHg per gram o f w e ig h t l o s t '  were as fo l lo w s  (mean 
va lu e s  f o r  each g ro u p ): f o r  WD, -0 .7 6?  f o r  AMEH, -0 .1 7 ;  f o r  FEN,
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- 2 . 3 4 ;  f o r  MAZ, + 0 .3  9 .  T h u s ,  w e i g h t  l o s s  by w i t h d r a w a l  o f  t h e
p a la ta b le  d ie t  was a s s o c ia te d  w ith  an a p p re c ia b le  f a l l  in  b lood
p re s s u re  (see Tab le  3 . 2 ( v i i ) ) .  Hew ever, s im i la r  w e ig h t lo s s  ach ieved  
w ith o u t  w ith d ra w a l o f the  p a la ta b le  d ie t ,  bu t w i th  a d a i ly  dose o f 
5mg/kg amphetamine re s u lte d  in  a much s m a lle r  re d u c t io n  in  b lood  
p re s s u re . T h is  suggests th a t  e i th e r  amphetamine e x e rte d  an in t r i n s i c  
h y p e rte n s iv e  e f fe c t ,  which p a r t ia l l y  negated th e  h y p o te n s ive  e f fe c t  
o f  w e ig h t lo s s  a n d /o r th a t  i t  was th e  w ith d ra w a l o f th e  p a la ta b le  
d ie t  w h ich  was th e  most Im p o rta n t fa c to r  f o r  th e  re d u c t io n  o f b lood  
p re s s u re  ra th e r  than  th e  a c tu a l w e ig h t lo s s  ach ieved . The presence o f 
a s ig n i f ic a n t  n e g a tiv e  c o r re la t io n  between w e ig h t change and b lood  
p re ssu re  change (see Tab le  3 . 2 ( v i i i ) )  fa v o u rs  th e  su g g e s tio n  th a t
amphetamine may be e x e r t in g  an I n t r i n s i c  h y p e rte n s iv e  e f fe c t  and th a t
th e  s e n s i t i v i t y  to  t h is  e f fe c t  and to  th e  a n o re c t ic  e f fe c t  o f 
amphetamine may be c o r re la te d  ( th e  r a ts  w h ich  lo s t  th e  g re a te s t 
amounts o f  w e ig h t e x h ib ite d  s m a lle s t re d u c tio n s  in  b lood  p re ssu re  and 
even, in  some cases, in c rea ses  in  b lood  p re s s u re ) . C o ns id e ring  th e  
n u t r ie n t  in ta k e  (expressed  as % o f  th e  in ta k e  o f age-matched, 
u n tre a te d  d ie ta ry  obese r a ts )  o f  AMIH and WD (see T ab le  4 .5 ( 1 ) ) :  
w h i ls t  energy and sodium in ta k e s  were s im i la r  f o r  th e  two groups, th e  
f a t  In ta k e  o f AMPH was a p p ro x im a te ly  400% th a t  o f  WD. Calcium in ta k e  
o f AMPH was a p p ro x im a te ly  25% th a t  o f WD and potassium  in ta k e  was 
a p p ro x im a te ly  30% th a t  o f WD. Thus, in  v iew  o f th e  p r o te c t iv e  o r 
h yp o te n s ive  e f fe c ts  proposed f o r  a h ig h  potassium  in ta k e ;  th e  
p o s s ib le  h y p e rte n s iv e  e f fe c ts  o f  a h ig h  f a t  in ta k e  and th e  p o s s ib le  
c o n t r ib u t io n  o f  a ca lc ium  d e f ic ie n c y  to  b lood  p re ssu re  e le v a t io n ,  i t  
appears th a t  th e  n u t r ie n t  ba lance seen a f te r  th e  w ith d ra w a l o f the  
p a la ta b le  d ie t  may, in  i t s e l f ,  c o n tr ib u te  to  th e  h y p o te n s iv e  e f fe c t
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T a b l e  4 .5 (  i )
N u tr ie n t  in ta k e  o f r a ts  d u r in g  a d m in is t ra t io n  o f  fe n f lu ra m in e  , 
m azindo l , o r amphetamine compared w ith  th a t  a f t e r  w ith d ra w a l o f th e  
p a la ta b le  d ie t .  A l l  va lu e s  were c a lc u la te d  frcm  s in g le  24 -hour 
measurements o f  fo o d  in ta k e  and a re  expressed as % o f in ta k e  o f 
age-m atched d ie ta ry  obese r a ts  w h ich  had re c e iv e d  th e  p a la ta b le  d ie t  
f o r  7 weeks (see Tab le  3 .1 ( 1 ) ) .
WD AMIH FEN MAZ
Energy 43 .93 43 .21 75.13 45.3 0
P ro te in 116 .5 8 48.19 76 .6 8 47 .15
F a t 19.11 96 .18 124.84 ■ 82 .80
C arbohydra te 41.88 28.61 59.48 34.06
F ib re 46 .3 9 26 .80 64.95 35.05
Sodiun 19.92 24.44 65.25 40 .94
Potassium 165.92 55.92 74.04 50 .22
Calcium 300.64 72.88 79.42 55 .02
Key
WD = p a la ta b le  d ie t  w ith d ra w n  
AMPH = amphetamine 5m g/kg d a i ly  
FEN = fe n f lu ra m in e  lO m g/kg d a i ly  
MAZ = m azindo l 4m g/kg d a i ly
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seen. Whereas th e  n u t r ie n t  ba lance r e s u l t in g  f ra n  amphetamine 
a d m in is t ra t io n ,  w ith  th e  co n tin ued  a v a i la b i l i t y  o f th e  p a la ta b le  d ie t  
( a lb e i t  w i th  a reduced consum ption o f most ite m s ) ,  would appear to  be 
le s s  conduc ive  to  b lood  p re ssu re  re d u c t io n  (see s e c t io n  1 .5  fo r  
d is c u s s io n  o f  the  e f fe c ts  o f  v a r io u s  d ie ta r y  fa c to rs  on b lood  
p re s s u re ) •
The re d u c t io n  in  b lood  p re ssu re  ach ieved  w ith  fe n f lu ra m in e  was 
c o n s id e ra b ly  g re a te r  than  expected f ra n  th e  modest w e ig h t lo s s .  I t ,  
th e re fo re ,  appears th a t  fe n f lu ra m in e  may have e xe rte d  an in t r i n s i c  
h y p o te n s iv e  e f fe c t ,  in  a d d it io n  to  i t s  a n o re c t ic  a c t io n .  The d ie ta ry  
in ta k e  o f f a t ,  sodium and ca rboh yd ra te  was g re a te r ,  and th e  in ta k e  o f 
ca lc ium  and potassium  low er f o r  IEN th a n  f o r  WD (see Tab le  4 . 5 ( i ) )  
and th e re fo re  i t  was u n l ik e ly  th a t  th e  n u t r ie n t  balance p layed  a 
s ig n i f ic a n t  p a r t  in  th e  g re a te r  h y p o te n s iv e  e f fe c t  seen w ith  
fe n f lu ra m in e .
The f i n a l  b lood  p re ssu re  measurements ( a f t e r  4 weeks o f  drug 
a d m in is t ra t io n )  were made f o r  am phe tam ine-trea ted  and m azindo l -  
t re a te d  r a ts  on th e  la s t  day o f d rug  a d m in is t ra t io n .  However, in  
o rd e r to  o b ta in  v a lu e s  f o r  th e  b lood  p re ssu re  changes o c c u r r in g  a f te r  
4 weeks o f fe n f lu ra m in e  a d m in is t ra t io n ,  i t  was necessary to  take  th e  
b lood  p re ssu re  rea d in g s  18 hours a f te r  th e  c e s s a tio n  o f  fe n f lu ra m in e  
a d m in is t ra t io n .  A ttem pts  t o  o b ta in  t a i l  c u f f  b lo o d  p re ssu re  read in g s  
d u r in g  th e  p e r io d  o f fe n f lu ra m in e  a d m in is t ra t io n  y ie ld e d  o n ly  a few 
f a in t ,  u n c le a r read ings  frcm  some r a ts  in  th e  group and no m easurable 
tra c e s  frcm  some o th e rs . I t  was o n ly  p o s s ib le  to  o b ta in  c le a r  
read ings  frcm  two or th re e  r a ts  o u t o f th e  tw e lv e  in  th e  group. 
Hcwever, th e  re a d in g s  o b ta in e d  frcm  these r a ts  were low  and s im i la r  
to  those o b ta in e d  f o r  th e  group as a w ho le  a f te r  fe n f lu ra m in e
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w i t h d r a w a l .  I n  o r d e r  t o  o b t a i n  a  c l e a r  b l o o d  p r e s s u r e  r e a d i n g  u s i n g
th e  Narco programmable e lectrosphygncm ananete r, a good f lo w  o f b lood
th ro u g h  th e  t a i l ,  r e s u lt in g  in  a s tro n g  p u lse  in  th e  caudal a r te r ie s
i s  e s s e n t ia l .  T h is  i s  because th e  s y s to l ic  b lood  p re s s u re  v a lu e  is
ta k e n  as th e  mean o f  th e  'c u t - o f f '  p ressu re  a t  w h ich  th e  pu lse  ceases
and th e  ' r e - s t a r t '  p ressu re  a t  w h ich  th e  pu lse  r e s ta r t s  (see F ig .9
fo r  specimen b lood  p ressu re  t r a c e ) .  D u rin g  a d m in is t ra t io n  o f
fe n f lu ra m in e , o n ly  a v e ry  f a in t  pu lse  was d is c e rn ib le  i n  th e  tra c e s
o b ta in e d  f r a n  most o f the  r a ts .  One p o s s ib le  e x p la n a tio n  f o r  t h is
w h ich  was cons ide red  was th a t  fe n f lu ra m in e  m ig h t have been e x e r t in g  a
hypo the rm ic  e f fe c t ,  r e s u lt in g  in  c o n s t r ic t io n  o f  th e  caudal b lood
v e s s e ls  as an a tte m p t to  reduce h e a t lo s s .  A s ig n i f ic a n t  re d u c t io n  in
body tem p era tu re  in  r a ts  was re p o r te d  a f t e r  a d m in is t ra t io n  o f
fe n f lu ra m in e  in  a s tudy  by Jonsson and Gunne (1 9 7 2 ). However, r e c ta l
tem p era tu res  o f  th e  fe n f lu ra m in e - t re a te d  r a t s  i n  th e  s tu d ie s
d e s c r ib e d  h e re  (d u r in g  th e  p e r io d  o f  a d m in is t ra t io n  o f  fe n f lu ra m in e )
were re co rded  both b e fo re  and a f te r  th e  10 m inu te  pre-w arm ing p e r io d
( th e  warm ing box was m a in ta in e d  a t  36 +_ 1°C) and were found  to  be
w i th in  th e  range 36 .8 -3 9 .0 °C . A s tanda rd  v a lu e  f o r  th e  body
otem p e ra tu re  o f th e  r a t  i s  g ive n  by W aynfo rth  (1980) as 38.1 C, 
th e re fo re  th e  v a lu e s  o b ta in e d  f o r  th e  fe n f lu ra m in e - t re a te d  r a ts  were 
n o t a b n o rm a lly  lew . Thus, i t  does n o t appear th a t  fe n f lu ra m in e
e x e rte d  a s ig n i f ic a n t  e f fe c t  on th e  body tem pera tu re  o f th e  r a ts  in
t h is  s tu d y .
Another p o s s ib le  e x p la n a tio n  f o r  th e  f a in t  pu lse  in  th e  t a i l  o f 
th e  fe n f lu ra m in e - t re a te d  r a ts ,  w hich was co n s id e re d , was t h a t  
fe n f lu ra m in e  m ig h t have been e x e r t in g  a v a s o c o n s tr ic to r  e f fe c t  on th e  
caudal b lood  v e s s e ls . However, a s tudy by Jespersen and B onacco rs i
(196 9) shewed no v a s o c o n s tr ic to r  e f fe c ts  o f  fe n f lu ra m in e  In  th e  
Is o la te d  t a l l  a r te ry  o f th e  r a t .  On th e  c o n tra ry ,  they found th a t  
p e r fu s io n  w ith  fe n f lu ra m in e  a b o lis h e d  th e  c o n s t r ic to r  e f fe c t  o f 
te tra b e n a z in e  and to  a s m a lle r e x te n t th a t  o f n o ra d re n a lin e , In  t h is  
p re p a ra t io n .  I t  I s  th e re fo re  apparen t th a t  f u r t h e r  w o rk  I s  re q u ire d  
t o  In v e s t ig a te  th e  e f fe c ts  o f  an a n o re c t ic  dose o f fe n f lu ra m in e  
(lO m g/kg  d a i ly )  on th e  b lood  f lo w  in  th e  t a i l  o f th e  r a t .
The e f fe c ts  o f  m azindol upon bo th  w e ig h t change and b lood  
p re s s u re  change were ex trem e ly  v a r ia b le .  However, i t  was no ted  th a t  a 
s ig n i f ic a n t  n e g a tiv e  c o r re la t io n  e x is te d  between changes in  w e ig h t 
and changes in  b lood  p re ssu re , s im ila r  to  t h a t  seen in  th e  
am phe tam ine-trea ted  group. T h e re fo re , i t  i s  p o s s ib le  th a t  th e  
s e n s i t i v i t y  o f th e  r a ts  t o  th e  a n o re c t ic  a c t io n  o f  m azindo l 
c o r re la te d  w ith  some h y p e rte n s iv e  e f fe c t .  The d ie ta ry  in ta k e  o f th e  
m a z in d o l- tre a te d  (MAZ) r a ts  was s im i la r  to  t h a t  o f  the  
am phe tam ine-trea ted  (AMIH) r a ts ,  though w ith  a s l i g h t l y  h ig h e r sodium 
in ta k e  (see Tab le  4 .5 ( 1 ) ) .  T h e re fo re , th e  s l i g h t  in c re a se  in  b lood  
p re s s u re  seen in  MAZ, d e s p ite  a mean re d u c t io n  in  w e ig h t f o r  th e  
group, may have been due in  p a r t  to  d ie ta ry  fa c to r s ,  bu t was p ro b a b ly  
a ls o  due to  i n t r i n s i c  h y p e rte n s iv e  e f fe c ts  o f  m a z in d o l. The 
s im u ltaneous in c re a se  in  both  b lood  p re s s u re  and h e a r t  r a te  (see 
belcw) seen w ith  m azindo l suggests t h a t  i t  may be h a v in g  a 
sym pathom im etic e f f e c t .
The h e a r t  r a te  o f both  le a n  and d ie ta ry  obese r a ts  in c re a se d  
s l i g h t l y  d u r in g  th e  second 4 weeks o f th e  s tudy  ( see Tab le  3 . 2 ( x ) ) .  
W ithdraw a l o f th e  p a la ta b le  d ie t  re s u lte d  in  a decrease in  h e a r t  
r a te .  A d m in is tra t io n  o f  amphetamine and fe n f lu ra m in e  both  b roug h t 
about s ig n i f ic a n t l y  g re a te r  re d u c tio n s  in  h e a r t  r a te  th a n  th a t
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o c c u r r in g  w ith  d ie ta ry  r e s t r ic t io n .  M az indo l, however, produced a 
la rg e  in c re a s e  in  h e a r t  ra te .
I t  i s  a p p ro p r ia te  to  co n s id e r nex t th e  e f fe c ts  o f  th e  d i f f e r e n t  
tre a tm e n ts  on th e  responses o f th e  is o la te d  p e rfu se d  h e a r t
p re p a ra t io n .  N e ith e r th e  b a s e lin e  b e a tin g  r a te ,  nor th e  response o f 
th e  b e a tin g  ra te  to  doses o f n o ra d re n a lin e , showed any c o n s is te n t 
s ig n i f ic a n t  d if fe re n c e s  between le a n , obese and th e  v a r io u s  'w e ig h t 
reduced ' groups. However, th e  c o n t r a c t i l i t y  response to  doses o f 
n o ra d re n a lin e  (expressed as % b a s e lin e  c o n t r a c t i l i t y )  showed a 
g re a te r  s e n s i t i v i t y  in  h e a r ts  frcm  both  fe n f lu ra m in e - t re a te d  (FEN) 
and m a z in d o l- tre a te d  (MAZ) r a ts .  The a rrh y thm og en ic  e f fe c t  o f 
n o ra d re n a lin e  shewed no s ig n i f ic a n t  d if fe re n c e  between groups.
N e ith e r  were th e re  any c o n s is te n t tre n d s  in  th e  responses o f  th e  
is o la te d  h e a r ts  to  a c e ty lc h o lin e  f o r  any o f th e  groups.
The maximal response o f th e  is o la te d  p e rfu se d  m e s e n te r ic  
v a s c u la tu re  to  n o ra d re n a lin e  was s ig n i f ic a n t ly  s m a lle r f o r  t is s u e s  
frcm  a l l  'w e ig h t reduced ' an im a ls th a n  f o r  those frcm  th e  age-matched 
d ie ta r y  obese group. The g re a te s t dep re ss ion  in  maximal response was 
seen in  th e  m e se n te ric  v a s c u la r  beds frcm  MAZ and WD.
When c o n s id e r in g  th e  o v e r a l l  c a rd io v a s c u la r  fu n c t io n  o f  the  
d i f f e r e n t  groups o f 'w e ig h t reduced ' r a ts ,  i t  i s  im p o rta n t to
co n s id e r th e  fo l lo w in g  f a c t s :  sys te m ic  a r t e r i a l  b lood  p re ssu re  i s
dependent upon c a rd ia c  o u tp u t and p e r ip h e ra l re s is ta n c e  ; and c a rd ia c  
o u tp u t i s  p ro p o r t io n a l to  h e a r t  r a te  and c o n t r a c t i l i t y .  The re d u c t io n  
in  b lood  p re ssu re  seen in  group WD may have been due p a r t ly  to  a
reduced c a rd ia c  o u tp u t,  as a r e s u l t  o f a reduced h e a r t  r a te  (seen ' i n  
v iv o ' and unchanged c o n t r a c t i l i t y  response (as  de te rm ined  ' i n  
v i t r o ' ) ;  and a ls o  p a r t ly  to  a decrease i n  p e r ip h e ra l re s is ta n c e
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which may have re s u lte d  frcm  th e  decrease in  v a s c u la r  responses t o  
n o ra d re n a lin e  (compared to  obese r a t s ) ,  as seen ' i n  v i t r o '  in  th e  
is o la te d  p e rfu s e d  m e se n te ric  bed. T h is  decreased m axim al response to  
n o ra d re n a lin e  in  th e  m e s e n te ric  bed may have been p a r t i a l l y  due to  a 
re d u c t io n  o f  any smooth m uscle in c re a s e  w h ich  m ig h t have deve loped as 
a r e s u l t  o f  th e  in c rea sed  b lood  p re s s u re  seen in  th e  d ie ta ry  obese 
r a ts  (see s e c t io n  4 .4 ) .  The re d u c t io n  in  bo th  h e a r t  r a te  and b lo o d  
p re s s u re  may have been p a r t ly  due to  th e  re d u c t io n  in  sym p a th e tic  
nervous system a c t i v i t y ,  which has been re p o r te d  t o  occur as a r e s u l t  
o f  a re d u c t io n  in  fo o d  (e s p e c ia lly  ca rb o h yd ra te ) in ta k e .  Measurements 
o f  plasma ca techo lam ine le v e ls  i n  f u tu r e  s tu d ie s  w ou ld  be o f h e lp  in  
th e  in te r p r e ta t io n  o f  t h is  da ta  and a ls o  da ta  frcm  th e  o th e r  groups.
The s m a lle r  mean re d u c t io n  o f b lood  p re s s u re  seen in  AMPH 
compared w ith  WD may have been th e  r e s u l t  o f an tago n isn  between th e  
sym pathcm im etic e f fe c ts  o f  amphetamine and th e  re d u c t io n  in  
sym p a th e tic  s t im u la t io n  o c c u r r in g  as a r e s u l t  o f decreased fo o d  
in ta k e .  The response o f th e  is o la te d  m e s e n te r ic  v a s c u la tu re  frcm  AMPH 
was g re a te r  th a n  f o r  t is s u e s  frcm  WD. Thus, i t  appears t h a t  i f  th e  
re d u c t io n  in  th e  maximal response seen in  m e s e n te r ic  v a s c u la r  t is s u e s  
f ra n  WD was th e  r e s u l t  o f v a s c u la r  smooth m uscle re d u c t io n ,  th e re  may 
have been le s s  re d u c t io n  o f  the  smooth m uscle i n  t is s u e s  frcm  AMPH. 
The re p o r t  by Tob ian  e t  a l  (1980) t h a t  a h ig h  potassium  d ie t  i s  
b e n e f ic ia l  in  th e  re d u c t io n  o f v a s c u la r  smooth m uscle  h y p e rtro p h y  in  
h y p e rte n s io n  i s  o f  in te r e s t ,  c o n s id e r in g  t h a t  th e  po tass ium  in ta k e  o f 
group WD was a p p ro x im a te ly  th re e  tim e s  t h a t  o f AMPH.
The marked h yp o te n s iv e  and n e g a tiv e  c h ro n o tro p ic  e f fe c ts  
observed a f te r  tre a tm e n t w ith  fe n f lu ra m in e  suggest t h a t  th e  d rug  may 
have had a d i r e c t  s y m p a th o ly tic  a c t io n .  S im ila r  e f fe c ts  have been
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observed by Cherncw e t a l  (1983) In  m o d e ra te ly  obese, norm otens ive  
men. They found  th a t  plasma n o ra d re n a lin e  le v e ls  had d e c lin e d  a f t e r  
one week o f  fe n f lu ra m in e  tre a tm e n t and rem ained depressed th ro u g h o u t 
th e  r e s t  o f  th e  tre a tm e n t p e r io d  (4 weeks In  t o t a l ) .  However, they  
found  no s ig n i f ic a n t  c o r re la t io n  between th e  changes In  sup ine  plasma 
n o ra d re n a lin e  c o n c e n tra tio n s  and changes In  mean a r t e r i a l  p re ssu re  
frcm  b a s e lin e  va lu e s  t o  those  a t  e i th e r  one o r fo u r  weeks. There I s  
ev idence th a t  fe n f lu ra m in e  may e x e r t  I t s  s y m p a th o ly tic  e f fe c t  by 
c e n t ra l p re s y n a p tic  a lp h a ^ a d re n o c e p to r  a c t iv a t io n  ( chernowet a l ,  
1 9 7 3 ). The in c re a se d  s e n s i t i v i t y  o f th e  is o la te d  h e a r t  to  th e  
c o n t r a c t i l i t y  e f fe c t  o f n o ra d re n a lin e  may r e f le c t  ’ up r e g u la t io n ' o f 
b e ta -a d re n e rg ic  re c e p to r d e n s ity  in  th e  h e a r t .  S im i la r ly ,  th e  marked 
ta c h y c a rd ia  and s l i g h t  Increase  in  b lood  p re ssu re  a s s o c ia te d  w ith  
m az indo l in  th e  d ie ta ry  obese r a ts  may be th e  r e s u l t  o f 
sympa them ime t i c  a c t i v i t y  and th e  decreased maxim al response to
n o ra d re n a lin e  in  th e  m e se n te ric  bed may r e f le c t  a 'down r e g u la t io n ' 
o f n o ra d re n e rg ic  re c e p to r d e n s ity  in  t h is  t is s u e .  A l te r n a t iv e ly ,  i t
i s  p o s s ib le  th a t  th e  in c re a se  in  h e a r t  r a te  and s m a ll r is e  in  b lood
p re ssu re  seen w ith  m az indo l r e f le c t  e xce ss ive  r e f le x  ta c h y c a rd ia ,  
o c c u r r in g  as a r e s u l t  o f reduced p e r ip h e ra l re s is ta n c e  (n o te  th e  
g re a t ly  reduced maximal response to  n o ra d re n a lin e  in  th e  m e s e n te r ic  
b e d ) . F u rth e r s tu d ie s  in v o lv in g  th e  m o n ito r in g  o f  plasma
n o ra d re n a lin e  and a d re n a lin e  le v e ls  and a ls o  th e  responses o f  o th e r 
v a s c u la r  t is s u e s  ' in  v i t r o '  would be necessary to  t r y  to  c l a r i f y  t h is  
p o in t .  I t  i s  o f  in te r e s t  to  no te  th a t  th e  is o la te d  h e a r ts  frcm  th e  
m a z in d o l- tre a te d  group e x h ib ite d  g re a t ly  enhanced s e n s i t i v i t y  to  th e  
e f fe c ts  o f  n o ra d re n a lin e  on c o n t r a c t i l i t y .  I f  m azindo l had produced 
in c re a se d  sym p a th e tic  s t im u la t io n  ' in  v iv o ' , th e n  t h i s  in c re a se  in
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s e n s i t i v i t y  to  n o ra d re n a lin e  seen ' i n  v i t r o '  w ould  n o t have o ccu rre d  
by th e  same mechanism as th a t  proposed f o r  th e  fe n f lu ra m in e  group
( th a t  i s ,  vup re g u la t io n ' o f  re c e p to r d e n s ity ) .  C a rd io va scu la r 
s id e - e f fe c ts  o f  m az indo l, In c lu d in g  a t r i a l  f i b r i l l a t i o n ,  have been 
re p o r te d  i n  man by B rad ley  e t a l (1 9 7 4 ), su g g e s tin g  th a t  i t  shou ld  
p ro b a b ly  be avo ided  in  obese p a t ie n ts  w ith  o v e r t  c a rd ia c  d isease .
When s e le c t in g  th e  most a p p ro p r ia te  tre a tm e n t s tra te g y  f o r  
o b e s ity ,  i t  i s  im p o rta n t to  co n s id e r why tre a tm e n t i s  necessary . T h is  
may be f o r  p u re ly  a e s th e t ic  o r  s o c ia l reasons, w ith  no u n d e r ly in g  
h e a lth  p rob lem s; o r  i t  may be as 'p re v e n ta t iv e  m e d ic in e ' to  a v o id  th e  
p o s s ib le  h e a lth  c o m p lic a tio n s  a s s o c ia te d  w ith  o b e s ity ;  t h i r d l y ,  i t  
may be as a method o f tre a tm e n t f o r  an o v e r t  h e a lth  problem such as 
h y p e rte n s io n  o r T y p e ll d ia b e te s  m e l l i t u s ;  o r  i t  may be f o r  any 
com b in a tion  o f these reasons.
I f  d rug  tre a tm e n t i s  to  be used as an a d ju n c t to  d ie ta ry
r e s t r ic t io n ,  th e  cho ice  o f drug i s  im p o r ta n t.  The drug  shou ld  n o t 
have any i n t r i n s i c  a c t io n s  w h ich  m ig h t negate p o s s ib le  b e n e f its  o f  
w e ig h t lo s s .  As s ta te d  e a r l ie r ,  m azindo l is  n o t cons ide red  
a p p ro p r ia te  f o r  th e  tre a tm e n t o f p a t ie n ts  w ith  any c a rd ia c  
d y s fu n c t io n . C hron ic  m azindo l tre a tm e n t has a ls o  been shewn to  have a 
h y p e r in s u lin a e m ic  e f fe c t  ( S i r t o r i  e t  a l ,  1971) and sh o u ld  th e re fo re  
be used w ith  c a u tio n  in  any p a t ie n t  who a lre a d y  e x h ib i ts  any degree
o f h y p e rin s u lin a e m ia  o r ca rboh yd ra te  in to le ra n c e .  The e f fe c ts  o f
m azindo l on b lood  p re ssu re  o f r a ts ,  in  th e  s tu d ie s  d e sc rib e d  h e re , 
a ls o  suggest t h a t  th e  drug sh o u ld  be used o n ly  w ith  c a re fu l 
m o n ito r in g  in  any obese p a t ie n t  w ith  h y p e rte n s io n . M azindol has been 
shewn t o  ra is e  m e ta b o lic  ra te  in  r a ts  (W y l l le  e t  a l ,  1984) and t o
251
p re v e n t th e  f a l l  in  energy e x p e n d itu re  n o rm a lly  a ss o c ia te d  w ith  a 
re d u c t io n  i n  fo o d  in ta k e .  T h is  makes i t  a u s e fu l d rug  f o r  use in  
p a t ie n ts  who lo s e  l i t t l e  w e ig h t even when a d h e rin g  to  a low  c a lo r ie  
d ie t .  The h yp o te n s iv e  and hypog lycaem ic e f fe c ts  o f  fe n f lu ra m in e  (see 
s e c t io n  1 .4 .3 )  make i t  p a r t ic u la r ly  s u ita b le  f o r  th e  tre a tm e n t o f 
obese p a t ie n ts  w ith  m ild  h y p e rte n s io n  a n d /o r hype rg lycaem ia . Any 
re g u la r  tre a tm e n t n o rm a lly  g ive n  f o r  these c o n d it io n s  may have to  be 
re -e v a lu a te d  d u r in g  tre a tm e n t w ith  fe n f lu ra m in e . However, the  adverse 
e f fe c ts  o f  fe n f lu ra m in e , which may in c lu d e  s e d a tio n  and dep re ss ion  
(C raddock, 1 9 7 8 ), make i t  u n s u ita b le  f o r  some p a t ie n ts .
4 .6 THE USE OF A DIETARY SURVEY TO STUDY CAFFEINE INTAKE IN DIETERS 
AND NON-DIETERS.
As s ta te d  in  s e c t io n  2 .5 ,  th e  m a in  aim o f th e  survey was to  
de term ine w hether or n o t d ie te rs  te n d  t o  in c re a se  t h e i r  consu np tion  
o f  c o ffe e  (and hence t h e i r  in ta k e  o f c a f fe in e )  when d ie t in g .  The 
r e s u l t s  o f  th e  survey showed th a t  a p ro p o r t io n  o f  d ie te rs  (25%) d id ,  
indeed, in c rea se  t h e i r  in ta k e  o f c o ffe e  when d ie t in g .  W h ils t  d ie t in g ,  
d ie te rs  consumed s ig n i f ic a n t l y  more c o ffe e  (exp ressed  as cups per 
day) th a n  n o n -d ie te rs  (4 .4 8  ±  0 .73  and 3 .21  +. 0 .44 r e s p e c t iv e ly ) ,
p<0 .01 . T h is  was m a in ly  due to  th e  g re a te r  c o ffe e  consu np tion , w h i ls t  
d ie t in g ,  o f th e  m ale d ie te rs  (5 .83  +_ 1 .1 9 ) .  The m ale d ie te r s  were th e  
group w ith  th e  g re a te s t body mass in d e x  (BMI) (25 .82  +_ 1 .1 7 ) ,  wh ich
f e l l  in to  Grade I  ca te g o ry  o b e s ity  (G arrcw , 1 9 8 8 ). T h e re fo re , th e  
known c a rd io v a s c u la r  r is k s  a s s o c ia te d  w ith  excess body w e ig h t m ig h t 
compound any p o s s ib le  r is k s  f ra n  th e  g re a te r  c a f fe in e  in ta k e  o f t h is  
group. As men a re  known to  have a g e n e ra lly  g re a te r r i s k  o f 
c a rd io v a s c u la r  d isease th a n  wanen, i t  appears th a t  t h is  group may be
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th e  most a t  r i s k  f o r  c a rd io v a s c u la r  d is o rd e rs .
The BMI o f th e  d ie te rs  (m ale p lu s  fem a le ) was g re a te r th a n  t h a t  
o f  th e  n o n -d ie te rs  (23 .30 ± 0 .6 2  and 21.51 ±  0 .3 6 ) ,  bo th  v a lu e s
f a l l i n g  w i t h in  th e  Grade 0 ca te g o ry  o f o b e s ity  (G arrcw , 1 9 8 8 ). 
However, when th e  d ie te rs  were s u b d iv id e d  in t o  m ale and fem a le , i t  
was seen t h a t  w h ile  th e  BMI o f fem a le  d ie te r s  was w e l l  w i t h in  th e  
Grade 0 c a te g o ry  (22.47 ±  0 .6 3 ) ,  th a t  o f  th e  m ale d ie te rs  f e l l  w i t h in  
th e  Grade 1 c a te g o ry . T h is  o b s e rv a tio n  tends t o  im p ly  e i th e r  th a t  
fem a le  d ie te r s  were more su cce ss fu l in  t h e i r  a tte m p ts  to  lo s e  w e ig h t 
th a n  m ale d ie te rs  and so reached and m a in ta in e d  a normal body w e ig h t, 
w h i ls t  th e  m ale d ie te rs  rem ained o v e rw e ig h t; o r  a l te r n a t iv e ly  th a t  
fem a le  d ie te rs  d ie te d  when th e y  were n o t a c tu a l ly  o ve rw e ig h t.
I t  was found  th a t  smokers drank s ig n i f i c a n t l y  more cups o f 
c o ffe e  per day than  non-smokers (4 .6 4  ± ,0 .8 7  and 3.23 ± 0 . 4 1 ) ,  t h is  
d if fe re n c e  be in g  m a in ly  due to  th e  g re a te r  amount o f c o ffe e  consumed 
by th e  m ale smokers (5 .7 1  ±  1 .0 8 ) compared w i th  m ale non-sm okers
(2 .96  ±  0 .4 3 ) .  Smoking i s  a p roven c a rd io v a s c u la r  r i s k  f a c to r
(U n ite d  S ta te s  P u b lic  H e a lth  S e rv ic e , 1 9 6 4 ). As m entioned e a r l i e r ,  
men te n d  t o  be a t  g re a te r r i s k  f ra n  c a rd io v a s c u la r  d isease th a n  
wanen, th e re fo re  m ale smokers w ith  a g re a te r  c o ffe e  In ta k e  may be 
p a r t ic u la r ly  a t  r i s k .  A s ig n i f ic a n t  c o r r e la t io n  was found  between th e  
nixnber o f c ig a re t te s  smoked d a i ly  and th e  number o f cups o f  c o f fe e  
consumed d a i ly ,  even though th e  group o f  s u b je c ts  was sm a ll (n=10) 
(see F ig .22) . The c o r re la t io n  became s tro n g e r when th e  t o t a l  number 
o f cups o f  tea  p lu s  c o ffe e  were used, ra th e r  th a n  c o ffe e  a lone  (see 
F ig .2 3 ) .  C o ffee  d r in k in g  has been found  to  be s t ro n g ly  a s s o c ia te d  
w ith  c u r re n t smoking h a b its  in  o th e r  s tu d ie s  a ls o  (La C ro ix  e t  a l ,  
1986) .
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O v e ra ll,  wanen consumed more cups o f  te a  per day than  men (2 .40  
+_ 0 .39  and 1 .28  j^ O .3 1 ) ,  though th e  mean In ta k e  o f te a  f o r  a l l  
s u b je c ts  was o n ly  a p p ro x im a te ly  h a l f  t h a t  o f c o ffe e  (1 .82  + 0 .26 and 
3 .55 +. 0 .3 8 ) .  T h is  i s  a s u rp r is in g  r e s u l t  f o r  a survey o f a group o f 
U .K . s u b je c ts ,  because te a  consum ption (ounces per week) fo r  the  
p o p u la t io n  o f  th e  U .K . as a w ho le  i s  re p o r te d  as more than  tw ic e  th a t  
o f  c o ffe e  (1 .7 4  and 0 .72) ( M in is t r y  o f A g r ic u ltu re ,  F is h e r ie s  and 
Food, 1 9 8 6 ). Even a f t e r  a llo w in g  f o r  th e  d i f f e r e n t  methods o f  
p re p a ra t io n  t h is  s t i l l  shews a la rg e r  in ta k e  o f tea  th a n  c o ffe e  
o v e r a l l .
There was a weak bu t s ig n i f ic a n t  c o r r e la t io n  between BMI and 
a lc o h o l in ta k e  (number o f 's ta n d a rd  d r in k s ' per d a y ), w ith  a 
c o r r e la t io n  c o e f f ic ie n t  ( r )  o f  0 .2788, (p < 0 .0 5 ) .  However, when
d ie te r s  (n o t  d ie t in g )  were cons ide red  s e p a ra te ly ,  t h is  c o r r e la t io n  
became much s tro n g e r , r= 0 .6773 (see F ig .2 4 ) .  However, t h is  may no t 
mean t h a t  th e  h ig h e r  a lc o h o l in ta k e  was a c o n t r ib u to ry  fa c to r  i n  th e  
g re a te r  v a lu e  o f BMI, as many o th e r fa c to r s  must be cons ide red  (such 
as t o t a l  energy in ta k e  and energy e x p e n d itu re ) .
I t  was o f in te r e s t  to  no te  th a t  s u b je c ts  who consumed 1 or 2 
cups o f  c o ffe e  d a i ly  had a s ig n i f ic a n t l y  lcw e r mean BMI th a n  e i th e r  
n o n -c o ffe e  d r in k e rs  o r  s u b je c ts  who consumed 3 or more cups o f  c o ffe e  
d a i ly .  C a ffe in e  (25m g/kg) a t  a dose e q u iv a le n t to  a p p ro x im a te ly  4 
cups o f  c o ffe e  per day in  man, re s u lte d  in  a reduced ra te  o f w e ig h t 
ga in  in  le a n  W is ta r  r a ts  compared t o  c o n tro ls  who d id  n o t re c e iv e  
c a f fe in e ,  bu t a h ig h e r  dose o f 50mg/kg re s u lte d  in  an in c re a se d  ra te  
o f w e ig h t g a in  in  bo th  le a n  and d ie ta ry  obese r a ts  (see s e c t io n  3 .6 ) .  
The p o s s ib le  mechanisms f o r  these e f fe c ts  a re  d iscussed  below ( see 
s e c t io n  4 .7 ) .
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4 .7 THE EFFECTS OF CAFFEINE (25MS/KG AND 50MG/KG) , GIVEN WITH OR 
WITHOUT A PALATABLE DIET, IN FEMALE W IS TAR RATS.
The doses o£ 25mg/kg and 50mg/kg w ere s e le c te d  as e q u iv a le n t to
m oderate and h ig h  c a ffe in e  in ta k e  in  man (see s e c t io n  4 .6 ) .  Yeh e t  a l
(1986) used doses o f 25mg/kg and lOOmg/kg (by subcutaneous in je c t io n )
w hich th e y  s ta te d  were e q u iv a le n t to  th e  consum ption o f 4 and 16 cups
o f c o ffe e  by a 70kg hunan s u b je c t (assum ing t h a t  th e  c a f fe in e  c o n te n t
o f a cup o f  c o ffe e  i s  a p p ro x im a te ly  85mg). The co n ve rs io n  o f doses
0 .7 5frcm  r a ts  t o  humans was based upon m e ta b o lic  body w e ig h t (k g  ) ,  
( K le ib e r ,  1 9 6 1 ). lOOmg/kg was f e l t  to  be an exce ss ive  dose to  
re p re s e n t even a h ig h  'n o rm a l' c o ffe e  in ta k e  in  man, thus 25mg/kg and 
50mg/kg were s e le c te d  f o r  th e  experim ents  d e s c r ib e d  h e re . These doses 
have been shown t o  produce neuroendocrine  e f fe c ts  i n  r a ts  (S p in d e l e t  
a l ,  1980 and 1983 ).
F i r s t l y ,  c o n s id e r in g  th e  e f fe c ts  measured ' in  v iv o ' on w e ig h t 
g a in  and fo o d  in ta k e .  The lo w e r dose reduced th e  w e ig h t g a in  o f  th e  
le a n  r a ts  d u r in g  th e  s tudy  bu t in c re a s e d  th a t  o f th e  d ie ta ry  obese 
r a ts ,  whereas th e  h ig h e r  dose in c re a se d  th e  w e ig h t ga in  o f bo th  le a n  
and d ie ta ry  obese r a ts .  R e su lts  o f  a n a ly s is  o f  fo o d  in ta k e  in  th e  
le a n  chow -fed r a ts  showed th a t  changes in  fo o d  consum ption may have 
c o n tr ib u te d  to  th e  e f fe c ts  on w e ig h t g a in  i n  these  a n im a ls . Chew 
in ta k e  was a lm ost unchanged ( s l i g h t l y  reduced) w ith  25mg/kg c a f fe in e  
bu t in c re a s e d  w ith  50mg/kg c a f fe in e  (p < 0 .0 0 1 ). C a ffe in e  has been 
shown t o  cause th e  re le a s e  o f im m unoreactive  b e ta -e n d o rp h in  and to  
in c re a se  serum b e ta -e n d o rp h in - l ik e  im m u n o re a c tiv ity  in  bo th  r a ts  
(A rn o ld  e t  a l ,  1982) and man (S p in d e l e t  a l ,  1 9 8 4 ). B e ta -e n d o rp h in ­
l i k e  im m u n o re a c tiv ity  in  c e re b ro s p in a l f l u i d  was n o t in c re a se d  w i th
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c a f fe in e  (A rn o ld  e t  a l ,  1 9 8 2 ). A c t iv a t io n  o f th e  
b e ta -e n d o rp h in -e p s ilo n  o p io id  re c e p to r  in  th e  r a t  has been shown to  
enhance fe e d in g  (M orley  & L e v in e , 1982a ). I t  i s  th e re fo re  p o s s ib le  
t h a t  th e  e f fe c t  o f c a f fe in e  on t h is  endogenous o p io id  p e p tid e  may 
a l t e r  fo o d  in ta k e  in  th e  r a t .  The apparen t la c k  o f  e f fe c t  upon fo o d  
In ta k e  in  th e  d ie ta ry  obese r a ts  (see s e c t io n  3 .6 .4 )  may be due to  
th e  f a c t  t h a t  these s in g le  m easurenents were c a r r ie d  o u t d u r in g  th e  
fo u r th  week o f th e  s tu d y , by which tim e  to le ra n c e  to  th e  e f fe c ts  o f 
c a f fe in e  may have deve loped. To lerance to  many o f th e  e f fe c ts  o f 
c a f fe in e  has been shewn to  o c c u r: in  th e  c a rd io v a s c u la r  system w i th in
1 to  4 days in  man (R obertson e t  a l ,  1 9 8 1 ); and in  r a ts  t o  th e
e le v a t io n  o f  serum c o r t ic o s te ro n e  le v e ls  w i t h in  6 days ( S p ind e l e t 
a l ,  1983) and p a r t ia l  to le ra n c e  to  th e  dep re ss ion  o f  serum 
th y r o t r o p in  (TSH) le v e ls  w i th in  13 days (S p in d e l e t  a l ,  1 9 8 3 ). I t  i s  
th e re fo re  reasonab le  to  suppose th a t  some degree o f to le ra n c e  w ou ld  
occu r to  th e  e f fe c ts  o f  c a f fe in e  upon serum b e ta -e n d o rp h in - l ik e  
im m u n o re a c tiv ity  and fo o d  in ta k e .  However, th e  m o n ito r in g  o f food  
in ta k e  o f th e  chcw -fed  r a ts  was c a r r ie d  o u t d u r in g  th e  f i r s t  10 days 
o f  th e  s tu d y , when to le ra n c e  was le s s  l i k e l y  to  have deve loped. 
Comprehensive m o n ito r in g  o f food  in ta k e  o f bo th  le a n  and d ie ta ry  
obese r a ts  d u r in g  tre a tm e n t w ith  25mg/kg and 50mg/kg c a f fe in e  w ou ld  
be re q u ire d  to  c l a r i f y  t h is  p o in t .  However, assuming th a t  th e  g re a te r 
w e ig h t g a in  seen in  th e  d ie ta ry  obese r a ts ,  w ith  both  doses o f
c a f fe in e ,  is  due, a t  le a s t  in  p a r t ,  to  an in c re a se d  fo o d  in ta k e
d u r in g  th e  e a r ly  p a r t  o f th e  expe rim en t, th e  fo l lo w in g  th e o ry  cou ld  
account f o r  th e  d i f f e r e n t  e f fe c ts  o f  th e  two doses o f c a f fe in e  on 
w e ig h t g a in  in  le a n  and obese r a ts .  A c t iv a t io n  o f th e  
b e ta -e n d o rp h in -e p s ilo n  o p io id  re c e p to r  caused by c a f fe in e  w ou ld  tend
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t o  enhance fe e d in g . The d ie ta ry  obese r a t s  a lre a d y  have a g re a te r  
m o t iv a t io n  t o  e a t than  th e  chcw -fed  r a ts  (h e d o n ic  in f lu e n c e )  and may 
respond t o  lc w e r doses o f  c a f fe in e ,  and th e re fo re  m ig h t in c re a s e  
t h e i r  fo o d  in ta k e  when g ive n  bo th  25mg/kg and 50mg/kg c a f fe in e .  The 
le a n  r a t s  appear to  have le s s  m o tiv a t io n  to  e a t  and th e re fo re  m ig h t 
r e q u ire  h ig h e r  doses o f c a f fe in e  to  induce  enhancement o f fo o d  
in ta k e .  Hence th e  la c k  o f response to  th e  25mg/kg dose.
The e f fe c ts  o f  h igh  doses o f  c a f fe in e  i n  th e  r a t  (50m g/kg b e in g  
e q u iv a le n t  to  a p p ro x im a te ly  8 cups o f c o ffe e )  appear to  d i f f e r  f r a n  
those in  man, as a d a i ly  dose o f  500-6OOmg c a f fe in e  (a p p ro x im a te ly  6 
cups o f  c o ffe e )  may produce a c o n d it io n  kncwn as ' c a f fe in is m ', one o f 
th e  symptoms o f  w h ich i s  lo s s  o f  a p p e t ite  (A b b o tt,  198 6 ).
The s l i g h t  re d u c t io n  in  w e ig h t g a in  seen in  th e  le a n  r a ts  
r e c e iv in g  25mg/kg c a f fe in e  m ig h t be a t t r ib u te d ,  p a r t ly ,  to  th e  s m a ll, 
though n o n -s ig n if le a n t  decrease in  fo o d  in ta k e  seen and p a r t ly  due to  
th e  s t im u la t io n  o f  m e ta b o lic  r a te  w h ich has been shown to  occur w ith  
c a f fe in e  tre a tm e n t . A s tudy  by Jung e t  a l  (1981) showed th a t  4m g/kg 
c a f fe in e ,  g ive n  o r a l l y  o r in tra v e n o u s ly  (e q u iv a le n t  to  a p p ro x im a te ly  
3 cups o f  c o ffe e  in  a 7 0kg s u b je c t)  t o  le a n  and obese s u b je c ts  caused 
a ra p id  in c re a se  in  m e ta b o lic  r a te ,  which was su s ta in e d  ove r th e  two 
hour te s t  p e r io d . A l l  th e  s u b je c ts  were h a b itu a l c o f fe e / te a  d r in k e rs ,  
w ith  a normal d a i ly  in ta k e  o f a p p ro x im a te ly  3 OOmg c a f fe in e .  Another 
s tudy  by Acheson e t  a l (1980) a ls o  showed an in c re a se  in  m e ta b o lic  
r a te  w ith  doses o f 4mg/kg and 8mg/kg c a f fe in e  i n  bo th  le a n  and obese 
s u b je c ts .  Hcwever, th e  normal d a i ly  c a f fe in e  in ta k e  ( i f  any) o f  these 
s u b je c ts  was n o t s ta te d . Any r is e  in  m e ta b o lic  r a te  o c c u r r in g  in  th e  
o th e r th re e  c a f fe in e - t re a te d  groups o f r a ts  (LC50, DC25, DC50) may 
have been more th a n  compensated f o r ,  in  te rm s o f  energy ba lance , by
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I n c r e a s e s  I n  f o o d  i n t a k e .
S econd ly , c o n s id e r in g  th e  e f fe c ts  upon ' in  v iv o ' h e a r t  r a te  and 
b lo o d  p re s s u re  to g e th e r  w ith  th e  ' i n  v i t r o '  c a rd io v a s c u la r  t is s u e  
p re p a ra t io n s . The t im e - re la te d  in c re a se s  in  b lood  p re ssu re  were 
g re a te r  in  a l l  th e  d ie ta ry  obese groups (b o th  w ith  and w ith o u t
%c a f fe in e )  th a n  in  th e  co rre spond ing  le a n  g roups. The lo w e r dose o f 
c a f fe in e  d id  n o t s ig n i f ic a n t ly  e f fe c t  th e  t im e - re la te d  in c re a s e , 
however, th e  50mg/kg dose reduced th e  in c re a s e  i n  bo th  le a n  and obese 
r a ts .  T h is  r e s u l t  i s  in  agreement w ith  th e  c l i n i c a l  s tudy by F e r i t i  
e t  a l  (1 9 8 7 ), wh ich showed a ' dose '-dependent re d u c t io n  in  bo th  
s y s t o l ic  and d ia s t o l i c  b lood  p re ssu re  per cup o f  c o ffe e  per day. The 
25mg/kg dose reduced th e  t im e - re la te d  in c re a s e  in  h e a r t  r a te  w h ich  
was seen in  bo th  le a n  and d ie ta ry  obese r a ts ,  though t h is  was o n ly  
s ig n i f ic a n t  f o r  th e  le a n  a n im a ls . The 50mg/kg dose reduced th e
t im e - re la te d  in c re a s e  in  h e a r t  r a te  seen in  th e  obese bu t n o t in  th e
le a n  r a ts .  Thus, th e  e f fe c ts  o f  c a f fe in e  on h e a r t  ra te  and b lood
p re ssu re  appear to  r e f l e c t  a r e la t iv e  in s e n s i t i v i t y  to  c a f fe in e  in  
th e  obese r a t s .  The re d u c t io n  in  th e  t im e - re la te d  r is e  in  b lood  
p re ssu re  was o n ly  seen a t  th e  h ig h e r  dose in  th e  obese r a ts ,  though a 
sm a ll ( n o n - s ig n i f ic a n t )  re d u c t io n  was seen in  th e  le a n  w ith  th e  lo w e r 
dose. A la rg e  re d u c t io n  in  th e  t im e - re la te d  in c re a se  in  h e a r t  r a te  
was seen in  th e  le a n  r a ts  w ith  th e  lo w e r dose, whereas a s ig n i f ic a n t  
re d u c t io n  was o n ly  seen w ith  th e  h ig h e r  dose in  th e  obese r a t s .  
However, in  bo th  le a n  and obese r a ts  c a f fe in e  tended to  cause a 
re d u c t io n  o f  th e  t im e - re la te d  in c re a s e s  seen in  bo th  b lood  p re s s u re  
and h e a r t  r a te .
One p o s s ib le  mechanism by which c a f fe in e  cou ld  induce t h is  
e f fe c t  i s  by a re d u c t io n  o f serum th y ro t r o p in  (TSH) le v e ls  (S p in d e l
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e t  a l ,  1980 and 1983 ) .  T h is  co u ld , in  tu r n ,  r e s u l t  in  a re d u c t io n  In  
serun t r i io d o th y ro n in e  (T ^ ) and thus  a re d u c t io n  In  s e n s i t i v i t y  to  
p re s s o r mechanisms and r e s u l t  I n  a f a l l  In  b lood  p re s s u re  in  th e
r a t ,  has been shown to  Inc re ase  b e ta -a d re n e rg ic  re c e p to r numbers, 
w h ich w ou ld  Increase  s e n s i t i v i t y  to  p re sso r mechanisms (W ill ia m s  e t  
a l ,  1977) ) .  A 50mg/kg ch a lle n g e  dose o f c a f fe in e  was £ound t o  cause 
a re d u c t io n  In  serum TSH by a p p ro x im a te ly  6 0%. T h is  I n h ib i t io n  o f  TSH 
by c a f fe in e  does n o t appear to  be by adenosine re c e p to r  b lockade , as 
adenosine a g o n is ts  (adenosine and N ^ -2 - (L -p h e n y lls o p ro p y l)-a d e n o s in e )  
d id  n o t a f f e c t  seran TSH. In  e a r l ie r  s tu d ie s  by S p ind e l e t  a l  (1980) 
c a f fe in e  was shewn to  reduce serun TSH In  a dose-dependent manner, 
th e  re d u c t io n  p e r s is t in g  f o r  1 to  6 hours a f t e r  th e  I n je c t io n  o f  
c a f fe in e .  The re d u c t io n  In  serum TSH was fo llo w e d  by a re d u c t io n  In  
serun T^ and T^ 4 hours a f te r  c a f fe in e  a d m in is t ra t io n .  D a lly  
a d m in is t ra t io n  o f 50mg/kg c a f fe in e  (by in t r a p e r l to n e a l In je c t io n )  f o r  
6 to  13 days produced a t im e - re la te d  to le ra n c e  to  th e  e f fe c ts  o f  a 
f u r t h e r  ch a lle n g e  dose o f 50mg/kg c a f fe in e ,  a ltho ugh  TSH v a lu e s  were 
s t i l l  reduced by a p p ro x im a te ly  30% by th e  cha lle n g e  dose even a f t e r  
13 days c h ro n ic  c a f fe in e  a d m in is t ra t io n  (S p in d e l,  1 9 8 3 ). Serum 
c a f fe in e  le v e ls  o f  15-18 fig /m l (e q u iv a le n t  to  0 .08-0 .09 mM) , w h ich 
c o u ld  be ach ieved  by a s in g le  dose o f c a f fe in e  o f a p p ro x im a te ly  
20mg/kg, were found  t o  be th e  lo w e s t a t  w h ich a dep re ss ion  in  TSH 
le v e ls  were seen. Serum le v e ls  o f  15pg/m l o r h ig h e r  can be o b ta in e d  
In m a n  a f t e r  2 to  3 cups o f  c o f fe e  (o r  a t  le a s t  250mg c a f fe in e ) .  
However, serun c a f fe in e  le v e ls  were n o t de te rm ined  in  th e  s tu d ie s  
re p o r te d  h e re . In  f u r th e r  w ork  t h i s  shou ld  be m o n ito re d . I t  seems 
u n l ik e ly  th a t  such le v e ls  w ou ld  be o b ta in e d  w ith  th e  lo w e r dose o f 
c a f fe in e ,  as th e  t o t a l  d a i ly  dose was o n ly  25mg/kg and th e  r a ts  w ere
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u n l ik e ly  to  consume a lm ost a l l  o f t h e i r  d a i ly  f l u i d  In ta k e  a t  one 
t im e . However, i t  i s  p o s s ib le  t h a t  the  re q u ire d  le v e ls  o f  c a f fe in e  
m ig h t have been ach ieved  w ith  th e  h ig h  dose. Lew doses o f  c a f fe in e  
may s t im u la te  th e  th y ro id  s l i g h t l y ,  as horm onal s t im u la t io n  o f  th e  
th y r o id  i s  m ed ia ted , in  p a r t ,  by c-AMP ( c y c l ic  adenosinemonophosphate) 
(G ilm an & R a i l ,  196 6 ), bu t t h is  e f fe c t  w ou ld  be masked by th e  
I n h ib i t io n  o f  TSH o c c u r r in g  w ith  h ig h e r  doses. M o n ito r in g  o f serum 
and TSH le v e ls  w ou ld  be im p o rta n t in  f u r th e r  s tu d ie s .
C a ffe in e  m ig h t a ls o  have caused changes in  c a rd io v a s c u la r
fu n c t io n  by i t s  e f fe c ts  upon ca lc ium  m o b il iz a t io n  w i t h in  th e  c a rd ia c
m yocytes. C a ffe in e  (l-20mM) has been shown t o  produce a n e g a tiv e
in o t r o p ic  e f f e c t  in  c u ltu re d  c h ic k  embryo v e n t r ic u la r  c e l ls  by
2 +decrea s ing  th e  sa rcop lasm ic  r e t ic u lu n  ( SR) ca lc ium  (Ca ) uptake
2 +and /o r an In c re a se  in  SR Ca re le a s e  th a t  e v e n tu a lly  d e p le te d  th e  SR 
2 +o f Ca (Rasmussen e t  a l ,  1 9 8 7 ). Thus, a re d u c t io n  in  th e  
c o n t r a c t i l i t y  o f th e  h e a r t  ' i n  v iv o ' m igh t be p a r t ly  re s p o n s ib le  f o r  
th e  re d u c t io n  in  th e  in c rea se  o f s y s to l ic  b lo o d  p re ssu re  observed in  
these s tu d ie s , by a re d u c t io n  o f  c a rd ia c  o u tp u t,  p ro v id e d  th e  e f fe c t  
on ca lc ium  m o b il iz a t io n  co u ld  be ach ieved  w ith  lo w e r c o n c e n tra tio n s  
o f c a f fe in e  th a n  those  used by Rasmussen e t  a l  (1 9 8 7 ), as th e  maximum 
plasma c o n c e n tra t io n  o f  c a f fe in e  l i k e l y  to  have been ach ieved  in  
these r a t  s tu d ie s  w ou ld  have been a p p ro x im a te ly  0 .ImM.
Another mechanism by which c a f fe in e  m ig h t have i t s  
c a rd io v a s c u la r  e f fe c ts  i s  by a d i r e c t  b lockade o f th e  adenosine 
re c e p to r . Adenyl compounds may cause d i la t io n  o f b lood  v e s s e ls  bu t 
can a ls o  cause c o n s t r ic t io n ,  as is  seen in  th e  re n a l a r te ry  o f th e  
r a t  (H rd ina  e t  a l ,  1967 and 1 9 7 0 ). Adenosinfe, in  an in c re a s in g  dose 
o f 0 .04 to  0 .16m g/kg /m inu te , has been shown to  induce a r is e  in
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s y s t o l i c  b lo o d  p re ssu re  o f 17mmHg and in  h e a r t  r a te  o f 33 b e a ts  per 
m in u te , and a ls o  a sm a ll f a l l  in  d ia s t o l i c  b lo o d  p re s s u re  o f 4mmHg in  
h e a lth y ,  norm otensive  male v o lu n te e rs  (S m its  e t  a l ,  1 9 8 7 ). A p o s i t iv e  
in o t r o p ic  e f fe c t  i s  sometimes seen a f te r  th e  i n i t i a l  n e g a tiv e  
in o t r o p ic  response o f th e  h e a r t  to  ade ny l compounds ( G i l le s p ie ,  
193 4) . In te r a c t io n  o f  c a f fe in e  w ith  endogenous adenosine may 
th e re fo re  be re s p o n s ib le  f o r  th e  re d u c t io n  in  th e  t im e - re la te d  
in c re a s e s  in  h e a r t  r a te  and b lood  p re ssu re  observed in  th e  s tu d ie s  
d e s c r ib e d  h e re  (by in h ib i t in g  any adenos ine -induced  v a s o c o n s tr ic t io n ,  
and in c re a s e s  in  s y s to l ic  b lood  p re ssu re  and h e a r t  r a t e ) .
The is o la te d  t is s u e  p re p a ra t io n s  (h e a r t  and m e s e n te r ic  bed) were 
s tu d ie d  t o  t r y  to  id e n t i f y  s p e c i f ic  a reas o f  th e  c a rd io v a s c u la r  
system w h ich  c a f fe in e  m ig h t be a f fe c t in g .  The is o la te d  p e rfu s e d  h e a r t  
was th e  obv ious cho ice  o f ' i n  v i t r o '  p re p a ra t io n  f o r  s tu d y in g  c a rd ia c  
changes and th e  m e se n te ric  v a s c u la tu re  was chosen p a r t ly  because i t  
had a lre a d y  been used in  s tu d ie s  o f o b e s ity  and w e ig h t re d u c t io n  (see 
s e c t io n s  3 .1 .7  and 3 .2 .6 )a n d  p a r t ly  because lo n g - te rm  a d m in is t ra t io n  
(up  to  117 weeks) o f  c a f fe in e  (0.102% in  th e  d ie t )  has been shewn t o  
produce p e r i a r t e r i t i s  n o d o s a - lik e  le s io n s  in  th e  m e s e n te r ic  v e s s e ls  
o f  th e  r a t  (Johansson, 1 98 1 ). T h is  c o n d it io n  was sometimes so severe  
th a t  i t  caused death o f th e  a n im a l, due to  m assive  in tra -a b d o m in a l 
haemorrhage as a r e s u l t  o f r u p tu r in g  o f  th e  damaged v e s s e ls .
The responses o f  th e  is o la te d  p e rfu s e d  h e a r t  to  th re e  doses o f  
n o ra d re n a lin e , in  te rm s o f percentage o f b a s e lin e  c o n t r a c t i l i t y ,  were 
g re a te r f o r  h e a r ts  frcm  obese (u n tre a te d )  th a n  le a n  (u n tre a te d )  r a ts  
(see F ig .2 9 ) .  C hron ic  a d m in is t ra t io n  o f  bo th  25mg/kg and 50mg/kg 
c a f fe in e  reduced th e  responses o f is o la te d  h e a r ts  frcm  bo th  le a n  and 
obese r a ts  in  a dose dependent manner, such th a t  th e  responses o f
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h e a rts  from  obese c a f fe in e - t re a te d  r a ts  (b o th  doses) were lo w e r than  
f o r  h e a r ts  frcm  u n tre a te d  obese r a ts  and s im i la r  to  those  o f h e a rts  
frc m  le a n  r a t s  (see F ig .2 9 ) .
The e f fe c ts  o f th e  same th re e  doses o f  n o ra d re n a lin e  on th e  
b e a tin g  r a te  o f the  Is o la te d  p e rfu s e d  h e a r ts  were dose-*dependent f o r  
a l l  groups and shewed l i t t l e  d if fe re n c e  between th e  groups, a lthough  
th e  responses o f the  h e a rts  frcm  th e  le a n  r a t s ,  which had re c e iv e d  
25mg/kg c a f fe in e ,  tended to  be s m a lle r th a n  those  o f h e a rts  frcm  a l l
th e  o th e r  groups. T h is  I s  o f  In te r e s t  as t h i s  dose o f c a f fe in e
produced a la rg e  re d u c t io n  In  ' In  v i t r o '  h e a r t  r a te  In  th e  le a n  r a ts .
A lthough  c a f fe in e  has been shown t o  prcm ote a rrhy thm ogenes ls  In  
hunans (Dohmeyer e t  a l ,  1983 ), th e re  was no s ig n i f ic a n t  d if fe re n c e  In  
th e  occu rrence  o f a rrh y th m ia s  a f te r  doses o f  n o ra d re n a lin e  In  
Is o la te d  h e a r ts  frcm  le a n  o r  obese r a ts  a t  e i th e r  dose le v e l  o f 
c a f fe in e .
A f te r  4 weeks o f s tudy (chew w ith  o r w ith o u t  th e  p a la ta b le  d ie t )  
th e re  was l i t t l e  d if fe re n c e  between th e  maximal response o f th e  
Is o la te d  p e rfu s e d  m e s e n te r ic  v a s c u la tu re  frcm  le a n  and obese r a ts  
( u n t re a te d ) .  (The g re a te r maximal response o f th e  m e s e n te ric
v a s c u la tu re  frcm  d ie ta ry  obese r a ts  was n o t seen u n t i l  8 weeks, see
F lg .1 2 ) . However, bo th  doses o f c a f fe in e  reduced th e  maximal 
responses t o  n o ra d re n a lin e  o f th e  m e s e n te r ic  v a s c u la tu re  frcm  both 
le a n  and obese r a ts ,  though d ie ta ry  o b e s ity  a tte n u a te d  th e  re d u c t io n  
seen to  some e x te n t (see F lg .3 0 ) .
Thus, I t  appears th a t ,  In  g e n e ra l, c a f fe in e  tre a tm e n t tended to  
reduce th e  c a rd io v a s c u la r  e f fe c ts  o f  d ie ta ry  o b e s ity ,  those e f fe c ts  
be ing  In c re a se d  t im e - re la te d  r is e  I n  bo th  h e a r t  r a te  and s y s to l ic  
b lood  p re s s u re . I t  is  th e re fo re  te m p tin g  to  s p e cu la te  th a t  c a f fe in e
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may a f fe c t  one o r more o f th e  param eters a s s o c ia te d  w ith  th e  
c a rd io v a s c u la r  changes o c c u r r in g  in  d ie ta ry  o b e s ity .  In c re ased  
c a rb o h y d ra te  in ta k e  and hype rg lycaem ia  have been proposed as p o s s ib le  
c o n t r ib u to r y  causes o f  the  apparen t enhancement o f sym pa the tic  
nervous system a c t i v i t y  seen in  d ie ta ry  o b e s ity  (see  s e c t io n  4 .2 ) .  
Three l in e s  o f  evidence suggest t h a t  c a f fe in e  m ig h t have e f fe c ts  on 
plasma g lucose le v e ls .  F i r s t l y ,  h ig h  a f f i n i t y  A2«adenosine re c e p to rs  
(a s  d e fin e d  by D a ly , 1985 ), l in k e d  t o  a d e n y la te  cyc la se  in  a 
s t im u la to r y  fa s h io n , have been id e n t i f ie d  in  r a t  l i v e r  plasma 
membranes (Londos e t  a l ,  1 98 0 ). Secondly, g lucose p ro d u c tio n  i s  
s t im u la te d  by adenosine in  th e  p e rfu se d  r a t  l i v e r  (B uxton  e t  a l ,  
1986) and by adenosine analogues in  is o la te d  r a t  h e p a to cy te s  (H o ffe r  
& Low ens te in , 198 6 ); and t h i r d l y  a n e g a tiv e  c o r r e la t io n  between 
plasma g lucose c o n c e n tra t io n  and th e  c a f fe in e  c o n te n t o f th e  d ie t  has 
been observed  in  r a ts  (Wurzner e t  a l ,  1977) and in  seme s tu d ie s  
c a f fe in e  im proves glucose to le ra n c e  in  man (F e in b e rg  e t  a l ,  1 9 6 8 ). 
F u r th e r  s tu d ie s  in v o lv in g  re g u la r  m o n ito r in g  o f  ca rboh yd ra te  in ta k e ,  
plasma g lucose c o n c e n tra t io n  and plasma c a f fe in e  c o n c e n tra t io n  w ou ld  
be re q u ire d  t o  in v e s t ig a te  th e  e f fe c ts  o f  c a f fe in e  on th e  h a n d lin g  o f  
ca rboh yd ra te  in  t h is  d ie ta ry  obese r a t  m odel.
4 .8  SUMMARY OF SUGGESTIONS FOR FUTURE WORK
Frcm th e  fo re g o in g  d is c u s s io n , i t  i s  appa ren t t h a t  th e  
measurement o f v a r io u s  param eters i s  re q u ire d  t o  c l a r i f y  a number o f 
th e  f in d in g s .  Measurements o f plasma n o ra d re n a lin e  and a d re n a lin e  
le v e ls ,  as in d ic a to r s  o f  sympatho- ad rena l a c t i v i t y ,  shou ld  be 
cons ide red  in  f u r th e r  s tu d ie s  u s in g  le a n , d ie ta ry  obese and w e ig h t-  
reduced r a ts .
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The use o£ a ’ low  s a l t "  p a la ta b le  d ie t ,  to  d is t in g u is h  between 
th e  e f fe c ts  o f  w e ig h t and sodium in ta k e  on b lood  p re s s u re , w ould a ls o  
be u s e fu l.  The m o n ito r in g  o f  plasma t r i io d o th y ro n in e  (T^) and 
t h y r o t r o p in  (TSH) le v e ls  w ou ld  be o f in te r e s t  i n  f u r th e r  s tu d ie s  o f  
d ie ta r y  o b e s ity  w ith  a ss o c ia te d  e le v a t io n  o f b lood  p re ssu re  and a ls o  
in  any fu r th e r  s tu d ie s  u s in g  c a f fe in e .  In  a d d it io n ,  measurement o f 
plasma in s u l in  le v e ls  w ould be re q u ire d  to  f u r t h e r  in v e s t ig a te  th e  
p o s s ib le  c o n t r ib u t io n  o f t h is  hormone to  th e  ra is e d  b lood  p re s s u re  
a s s o c ia te d  w ith  o b e s ity .
The d e te rm in a tio n  o f b lood  ca lc iixn  le v e ls  would a ls o  be a 
p r i o r i t y  in  fu r th e r  s tu d ie s  because o f the  lew c a lc iu n  con ten t o f the 
p a la ta b le  d ie t  compared w ith  la b o ra to ry  chew and th e  p o s s ib le  r o le  o f 
ca lc ium  in  mechanisms o f b lood  p ressu re  c o n t ro l.  Supplem entation o f  
the  ca lc ium  and potassium  in ta k e s  o f  th e  d ie ta ry  obese ra ts  to  le v e ls  
s im ila r  to  those o f  the  chow-fed c o n tro ls  would be considered  in  
fu tu re  s tu d ie s . In  a d d it io n ,  the  e f fe c ts  o f  ca lc ium  channel b lo c k in g  
drugs and ca lc ium  ionophores would be s tu d ie d  to  c l a r i f y  the  
mechanism(s) by which ca lc ium  may a f fe c t  c a rd io v a s c u la r  fu n c t io n .
V a rious  organs and t is s u e s  o f  the  le an  and d ie ta r y  obese ra ts  
(such as h e a r t ,  l i v e r ,  k idneys and m esen te ric  v a s c u la r  bed) would be 
weighed and f u l l  h is to lo g ic a l  analyses c a r r ie d  o u t to  assess any 
s t r u c tu r a l  changes o c c u rr in g  in  the  d ie ta r y  obese r a ts .
In  o rd e r to  fu r th e r  in v e s t ig a te  th e  p o s s ib i l i t y  th a t  c a f fe in e  
may have been a c t in g ,  a t  le a s t  in  p a r t ,  v ia  p -e n d o rp h in e rg ic  
mechanisms, the  use o f  o p ia te  a n ta g o n is ts , such as naloxone, to g e th e r 
w ith  c a f fe in e  wguld be considered  in  fu tu re  experim ents.
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APPENDIX 1
N u tr ie n t  co n te n t o f th e  foods used ( a l l  va lu e s  per lOOg)
Luncheon R ice D ig e s t iv e C hoco la te Chow
Meat* K r is p ie s *  B is c u i t s  * ( m i lk ) * * *
Energy ( k c a l) 313 372 471 528 285 .5
P ro te in  (g ) 12.6 5.9 9.8 5.7 18.1
F a t (g ) 26 .9 2 .0 20 .5 29.3 2.4
Carbohydrate  (g ) 5.5 88.1 66 .0 65.0 57 .0
F ib re  (g ) 3.5 4.5 5.5 neg. 3 .6
Sodium (mg) 1050 1110 440 118 280
Potassium  (mg) 140 16 0 160 420 7 50-
Calcium (mg) 15 7 110 220 800
* Paul & S outhgate (197 8)
* *  CRM brand la b o ra to ry  chew ( p e l l e t s ) ,  va lu e s  frcm  m a n u fa c tu re rs  
data  shee t.
APPENDIX 2
F a tty  a c id  c o n te n t o f  th e  p a la ta b le  fo o d  Item s (g  p e r lOOg fo o d ) * .
Luncheon R ice D ig e s t iv e  C hocola te
Meat K r is p ie s B is c u i t s * * (m ilk )
T o ta l s a tu ra te d 10.13 0.47 11.64 17 .67
T o ta l m onounsaturated 12.61 0 .50 7 .98 9 .7 0
T o ta l p o ly u n s a tu ra te d 2.3 0 0 .7 2 2.42 1.06
* P au l, Southgate & Russel (1980)
* *  Value f o r  "sweet s h o r t  b is c u i t s "  used.
APHSNDIX 3
The average c a ffe in e  co n te n t o f p o p u la r beverages (mg pe r 6oz cup) 
'B rew ed' c o ffe e  100-150
In s ta n t  c o ffe e  6 0-80
Tea 40-100
C ola d r in k s  17-55
D e c a ffe in a te d  c o ffe e  3-5
Med. L e t t .  (1977) 19 65
UNITS AND DEFINITIONS USED
H e a rt r a te  ( ' i n  v iv o ' and ' i n  v i t r o ' )  -  b e a ts  per m in u te
S y s to l ic  b lo o d  p re ssu re  /  p e r fu s io n  p ressu re  -  mmHg
Energy -  'c a lo r ie s ' (1  'c a lo r ie '  = lk c a l  *  a p p ro x im a te ly  4.27 KJ)
S t a t is t i c a l  s ig n if ic a n c e  accepted a t  p<0.0 5
n .s .  = n o t s ig n i f ic a n t  a t  p<0.05
AMP = adenosine monophosphate
cAMP -  c y c l ic  adenosine monophosphate
Na+-K +-ATPase = sod iun -po tass ium  adenosine tr ip h o s p h a ta s e
5-HT = 5 -h y d ro x y try p ta m in e
BMI = Body Mass Index  (W ( k g ) /  H2 (m2 )}
W e igh t: g ( r a t s )  o r  kg (man)
'd ie t e r '  = s u b je c t who had d ie te d  
'n o n -d ie te r ' = s u b je c t who had n o t d ie te d  
te a /c o f fe e  in ta k e  -  cups per day
mean v a lu e s  expressed as mean +_ s tanda rd  e r ro r  o f th e  mean (u n le s s  
s ta te d  o th e rw is e )
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UNITS AND DEFINITIONS USED c o n t i n u e d :
'p a la ta b le  d ie t '  -  d a i ly  q u a n t i t ie s  per cage o f 6 r a ts  :
80g R ice K r is p ie s  
40g d ig e s t iv e  b is c u i t s  
40g luncheon meat 
40g ch o co la te  
-  in  a d d it io n  t o  la b o ra to ry  chow and w a te r 
Time p e rio d s  s ta te d  (weeks) r e fe r  to  th e  le n g th  o f tim e  from  th e  
s t a r t  o f th e  s tudy  th a t  th e  r a ts  have re c e iv e d  la b o ra to ry  chew w ith  
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